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ALCOHOL SEPARATION OF EMPTY SEED, AND ITS EIT'ECT ON 
'PHE CERMINATION OF RED SPRUCE 

Henry L Baldwin 
(Received for publication July ii, 1931) 

Introduction 

In all exi)erimeiital work it is important to eliminate variables wherever 
possible; especially in forestry and ecological experiments in the field, where 
the number of variables is large and often unknown, any simplification by 
their removal or control is to be welcomed. 

In seed investigations the condition of the seed itvself is often an unknown 
factor. A considerable number of investigations might be mentioned, 
carried out at great expense, where seeds of various species, frequently a 
counted number of seed, have been sown under varying conditions, and the 
germination and survival of the seedlings studied; in many cases the results, 
viewed critically, cannot 1:)e accepted as satisfactory since the quality of the 
seed at the start was not examined. Uniform material is necessary where 
onh* a limited number of duplicate tests is possible. One of the commonest 
variables in forest tree seed is the percentage of empty or ‘'blind” seed. As 
the seed comes from the cone in nature this percentage may vary from 30 to 
90 depending on the species, size of the seed crop, and degree of adaptation 
of the mother tree to the site. Where local climatic races have Ijeeii inter- 
changed in forestry jdantings, the percent of empty seed may be excessive 
and greatly allect tlie cpiality of the seed. Through faulty cleaning methods 
a greater or less proportion of empty seed is to be found in commercial seed 
obtained from seed extracting plants. In some genera such as Larix empty 
seeds arc \'ery difticult to remove mechanically, or detect from inspection 
of the seed. In Betuhi and similar seeds with thin seed coats, empty seeds 
and those wit!) unchwxJoped embryos can be distinguished under low mag- 
nifi(‘ation wlien passed on a glass slide over a strong beam, of light, such as in 
a “diaphanasrope.” 

In any ('ase, tiie results of germination tests of seed samples containing 
consideralile percentages of unfilled seed should be .expressed as percentages 
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of the number of developed seed present, and capable of germination, whidi 
actually germinate. Jacobs (12a) proposed the term ‘‘real genninntiori 
percent” to designate this method of calculation; Barton (21 bas(‘d it on 
rancid as well as empty seeds, and the percentage was determined from a 
cutting test on a sample of 100 seeds, similar to the one used in the germina- 
tion test. This takes account of seed which may be “good” at the start of 
the test, but which decay in the germinator ; however, it is open to the objet^- 
tion that the sample used for the cutting test may vary to an unknown dc^grct* 
from the sample used for the germination test. In the results hc?re repf uaed 
“real germinations” are based on the number of filled seed (go(jd ami badi 
as determined by a cutting test on the remaining ungerminat(‘d se(^d at the 
completion of the germination test. In seed testing when germination is 
expressed as a percent of the entire number of seed f usually 100 s(*e<l per 
sample, counted out from a pile as they come) the quality (;f ilu^ sainpit* i> 
expressed, to be sure, but it would be equally logical to include bits of iinaa 
matter, were they as indistinguishable from sound seed as are many “blind ” 
seed. In drawing samples for germination tests of agricultural scnai the 
Association of Official Seed Analysts of North America provides that broktai 
seed larger than one-half a seed be counted as clean seed. Such a met hot! 
is not suitable for obtaining material for use in studying the beha\'ior a 
given species under different environmental conditions. Here the matiu'ial 
should be of the highest quality and as homogeneous as possible. Stqiani- 
tion of empty seed by flotation in alcohol is suggested as tieiiig an easy 
method of obtaining 100 percent of the seeds with kernels. I1ie elTecq < the 
method on the vitality of seed is also of interest in that it has lieen coniinori 
practice in many foreign countries to color imported seed with eosiri in die 
customs. Since a water solution was found unsat isfactr,>ry bec'uuse the seed 
formed bunches and stuck together, alcohol (75 percent 1 was prescribed a-, a 
solvent by the law of 1910 in Sweden. Schotte (29) found tliat this trc*at- 
ment reduced and retarded germination 24 })ercent in the <‘ase of whin* 
spruce, but concluded that this loss was of little conseiiuemx* in comparistai 
to the danger of importing seed of origin unsuited to the planting site. 

The purpose of the experiments reported in this paper was thus twtofold: 
(i) to determine with what degree of success empty si>rii('e seed c<ad<i l^e 
separated from filled seed by flotation in alcohol, and (21 the if any, 

of this treatment on the vitality and keeping qualities of tin* see<b 

Historical 

The use of various liquids for separating good seed from imparities has 
been reported for many years, and botanical literature abounds with reh-r- 
ences to this method. Absolute alcohol especially ha.s been ;i favorite liquid. 
Kiemtz (13) used it to separate empty spruce seed from good, but did imt 
report the effect of the alcohol on the good seed. Beciiuerel (3 1 showed thm 
the thoroughly dry seed coats of certain plants were imper\ ious to absolmt. 
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alcohol. Recently Schmidt (24) has used absolute alcohol to separate out 
the empty seed of Picea excelsa. For species of Finns and Larix he found 
it less satisfactory. 

The effect of alcohol on the vitality of seed has been the subject of many 
investigations. Nobbe (18) describes holding clover seed in absolute al- 
cohol for four months without its having the slightest effect on the seed, but 
he mentions that different species vary greatly in their resistance to alcohol. 

He states further that seeds containing oil are damaged by “even dilute 

alcohol.” Giglioli (9) reported the e.xtraordinary power of Medicago saliva I 

to retain its vitality when stored in absolute ethyl alcohol 834 days. In a 

later communication (10) lucerne seeds stored in absolute ethyl alcohol over 

16 years were reported to have germinated 66.6 percent after air-dr\ ing for fi 

12 hours. 

The stimulatory effect of alcohol on seed germination has been rejiorted 
In- He.sse (i i ), who found it increased the germination of Verbascunt ihapsi- 
Jonnc. in the dark, thus partially replacing the need for light. .Seeds soaked 
one day in ahsohue alcohol and then dried, germinated 54 percent in 10 days, 
as compared to 17.5 percent of the controls. 

h\’idence of the eltect of alcohol on seed is conflicting, and varies from 
beneficial to injurious depending on the individual species. A number of 
other investigations might be cited (4, 5, 6, 7, 8, 14, 15, 16, 17, 19, 20, 21, 22, 

23 t 27, 30, 31, 32, 33, 34, 35) reporting various effects of alcohol depending 
on the species and e.xperimental conditions. Specific differences in the 
permeability of the seed coats seem to determine the relative resistance of 
diilerent species. Most workers have found, however, that the presence of 
water in alcoliol greatly increases its harmful action. 

:\lATliR!AI. AND .METHODS 

1 he material used in the e.xperiments reported below consisted of two 
lots of red spruce ( Pieva rubra Link.) seed, one from the 1927 and one from 
the i92.s croj). Both were collected in northern New Hampshire and Maine 
at an altitude of 400 300 m., in a region having a mean summer temperature 
of Ifs' ('., and were extracted at the seed-extracting plant of the Brown Co. 
at Berlin. .N. H. Lntil June 1929 they were kept in sealed cans at about 10° 

and thereafter in bottles at room temperature, which varied from 13° to 

25° f '. 

.Small sanii»les of tlie seed were poured into a small glass dish containing 
alisolute eth\-I alcohol lo a depth of 3-4 cm. The iloating seed were then 
skimmed off witii a sptdula, anti placed on blotters to dry. The seed which 
had sunk were recin ered b\- pouring off the alcohol through a sieve, and the 
seed similai-K- tlried. The operation was usually completed in two minutes, | 

and the alcohol had completely evaporated from the seed in five minutes. | 

Immediately thereafter stimples were counted out and set to germinate; 
direct cutting tests were also mtide. A portion of the sample treated was 




AMERICAN JOURNAL OF BOTANY 


reserved for later tests in order to determine the keeping qualities of tin- 
treated seed. These samples were preserved in corked vials at I'ooni f<Tn' 
perature, in the same manner as the controls. In a few cases tliese samples 
were retreated with alcohol after several months storage in order to deter- 
mine the effect of repeated treatment. 

For germination tests the Jacobsen type germinator was used 1 1 1. In 
these experiments a distance of lo cm. was maintained between the* water 
level and the bottom of the cotton pad, so that a uniform rate of moisture 
supply was insured in all tests. The temperature was different in different 
series, but fairly constant for any one series of companitive tests. The 
first experiments were performed at the Walclsamenprufungsnnsialt , 
Eberswalde, Germany, at 25° C., and were continued in a Ijiisement room cif 
the Osborn Botanical Laboratory, Yale University, New lltiwn. Conn., 
where the temperature remained at about 20° C. Both lemiieraiures la!l 


j>Ay.s- 

Text Fig. i. Germination of red spruce seed immediately after immersion in .di,-oiii 

alcohol. 


within the optimum range for the germination of red .spruce.' Genniii.iiiou 
tests were run 30 days, and counts made usually at 5-<lay inier\als. I |i< m 
completion of the tests all seed remaining were carefully cut. open and ihcii' 
condition noted. They were classified according to whetlier tlie\' wen- 
^ Unpublished data. 
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a good,” “bad,” or “empty.” “Good” seed were characterized by a firm 
white contents, sometimes with a trace of chlorophyll formation; “bad” 
seed were watery, or with brown, discolored or decomposed embryo and en- 
dosperm; “empty” seed were those without contents, or with dry, woody 
“sawdust” only. Results were then recalculated on a basis of real germina- 
tion. Duplicate or quadruplicate samples of loo seed each w^ere used in all 
tests. 

A limited number of catalase determinations were made on untreated 
and alcohol-treated seed, using the apparatus and technique of Sdimieder 
(28) as modified by Schmidt (25). Sixty seed w^ere used in each test, it liav- 
ing been found by trial that 20 red spruce seed gave too small a quantity of 
oxygen to be measured conveniently. Merck’s “Perhydrol” hydrogen 
peroxid was used, acid-free, of tiie brand recommended for the t ropics. This 
is more stalie at high tenq)eratiires. Tests w'ere made at a (emiierature of 
2(f C. and pH 7.0. 

Results 

Aljsolute ethyl alcohol wa.s found to float all blind seed and allow filled 
seed to sink. This was verifiixi by making cutting tests on i'lve samples 
from the floating seed and fi\'e samples from the sunken seed, ea('h sample 
containing 100 seed. In every case all the sunken seed were found to be 
*'full,” w'hile the floating seed contained, besides empty seed, from lo to 15 
percent ^d'uH” secxl, which floated due to attachment to wfing fragments, 
resin, etc. which Icinvered tlieir specific gravity. For the purpose of experi- 
ments, this is not important, so long as no empty seed are present in the 
samples to be used. 

The weight of loof) seed from the “floaters” was next compared witli 
that of an equal number of “sinkers.” The w-eight of empty seed alone 
was (‘om])uted to be .^7 percent that of full seed. This difference is sufficient 
for siuressful air separation by means of a vertical air current (12), and it 
should be pt^ssible to secaire re?<l sfinice seed of high quality by use of a suit- 
able a|.)paratus, 

llu* results of the germination tests of seed treated with alccfiiol are 
summarized in tallies 1 3, and s()me tiie typical results plotted in text 
figures I -2. f )etermiiiatiot!s of catalase activity are given in table 4 and 
plotted in text figure 3. Lack of spare prevents the inclusion of the detailed 
tables. Diiritig giTTninafitm nearh’ all seed molded to a greater or less ex- 
tent, the immersion in alcoluil seeming to have had no effect in killing mold 
S|.)ores. 

Discussion 

Separation in abMiluie alcoluil was successful in eliminating nearly all the 
empty seed. Hie few' rmnaining were almost, always “solid” seed, with 
contents resembling “sawdust,” It wtiuki thus appear that the first (jbject 
of the experiments, to eliminate empty seed, could be accomplished by a 
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Germination of red spruce seed treated with absolute aJcoljol, 
storage for varying lengths of time. 1927 sc:*etl c:rc)|i. 

Germination of Red Spruce in percent Imniedtakiy after Trenimeni 
Ahsolute Alcohol 


Course of Germination, J,>ays 


Note: Each figure represents the average of 200- “400 seetE. 
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14.5 
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1 14-3 ! 

March, 1930 

Treated 

0 
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36.3 
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i 60.6 
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1 0 
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27.7 
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Treated 

0 
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Control 
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62.5 1 
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71.7 1 
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24 
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' 


Jan., 1932] BALDWIN — SPRUCE SEED GERMINATION 7 


Table 2. Germination of Red Spruce Seed in percent, Stored Dry after Alcohol Treatment 


Course of Geririination, Days | Real 

I Genninat iiiii 

’ 1 " - ~ ~ ;i,i'ter .HO 

10 15 20 j 23 30 i i*(Tcenl 

i ; 

1927 Seed 


2 months | 

Treated o 12 15 | 16 17 18 18.3 

Control,. o 36 52 | 61 64 65 , 67.3 

3 months 1 j 

I'reated o r.5 10 i 17 22,5 I 25 25.2 

Control o 3^5 ' 5^’*5 C 3-5 73-5 ^ 7 ^’ 7^.7 

7 months ? ! i ! 1 i i 

IVeated o t .7 ’ i 34 ! 37-7 i 39 

Control o 0.> ■ 27.7 ; 43.7 i 52 i 55 .^ i 7 ^ 


14 months ; : i i i ; 1 

I'reatt'd o 6.2 9 <l 6 10.5 j 10.5 ; 10,7 

C'ontrol. ' o ' 57.2 6J.7 66.7 | 67.7 69.«^ 69,2 


1928 Svi’d 


4 months 

'Freated 

Control ...... 

i 

. . . , ' 0 

. . . , ' 0 

9 ..S ' 

0 

5 <"J 

24 

1 

: 0-' i 

74 

59.5 

i j 

: f>7 

80 

76 

7 months 






1 s 


'Freati'fl 

. . . . 0 

59.3 ' 

f »„|.9 

: 97.3 i 

70 

1 7-^*9 j 

73**1 

Chantrol 

*5 

, 94.5 

72.2 

i 7 ,v 7 1 

75-5 

i 79.7 1 

78.2 

1 1 memths 




1 




'Treat i‘d 

. . . 0 

' 59 -* 

T'c.n 

: 74-2 1 

79.2 

■ 7H.7 i 

So 

(Font n»l 

...... 1 .5 

96.3 

7 2 ., 2 

; 73.7 ! 

75-5 

1 77*7 i 

-8.2 


f*Arli re|ir«"'Sfms the a'V’erage td' 2 ch>-' 400 seeds. 


TAHf-i*: 3. (Trminalimi of Red Spruce Seed in percent, lyeated %Ath Akwlnte Aicobol and 
Slorcii ihy, Compared leith Similar Seed Reimiied 
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20 
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j 

39 

RelreaPal , 
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, 9.<e 

f 

9.6^ 

, UL5' 

10.5 

: ! 

10.7 


192 

S St-ed 






He! 13 'tile* 1 , 


. 0 ^ 43 : 

: 

: i 

77*5^ 

77*7 

80.2 

, 82.3 

'rri‘afed montli-^ btlore ; iii> rtireji 

Pniem . . . 

- 0 ^ 9.5, 

: j 

0 - 7 : 

j 

i'" 1 

78.2 

80 

Kei rtcaled 


. 0 ' 27 

' 3L3‘ 

37.3 

43*9 

44.6' 

45 

Treated II months hefort*; nil ret ft 

Ml nieni. . 

■ , 0 ■ 59.2 

7L5 

1 

74-2' 

’ 79*2 

78.7 

80 


Xoih: Caeh Ifgiire reprt*M ails the average of 200 -"400 seeds. 
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Table 4. Catalase Activity of Red Spruce Seed Treated with At)soliile Aladitd ('iaii ha >'>•(! 
with Untreated Seed, igzy Seed Crop. Averages of Two Determinations of r'n} S>'ed iao h 


Treatment 


(1) * Treated with alcohol 20 daywS before; dry seed 

(2) Above seed after 3 days in germinator 


results uiin‘liab}< 
59-5 5a 


(3) Treated with alcohol 3 days before; dry seed 

(4) Above seed after 3 days in germinator 


(5) Control, dry seed 

(6) Control, after 3 days in germinator 


* Numbers refer to curves in 
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have been tried. It must be recognized that but one liquid, ethyl alcrthol, 
was used in these experiments; there may be many others which will pnne 
superior, both in efficiency of separation and in freedom from damage to the 
seed. 

The germination results are not wholly consistent. The data show ;ui 
apparent initial stimulation immediately after treatment, but in most 
cases the final differences arc not significant: the older lot of seed seems to 
have been more stimulated by the treatment than the fresher seed. 'Fntat- 
meat resulted in a decline in vitality in storage as compared with the con- 
trols. However, in half the cases seed which showed poor germination 
sexeral weeks after alcohol treatment could lie revived slightly b\- another 
treatment. This was not sufficient to restore it to the level of t he untreated 
control .seed, however. Practically, the value of alcohol treatment to re- 
move empty seed hinges on whether such a process injures file seed. The 
present experimenis show that it does. It is also safe to assume that treat- 
ment of r(*d s|)ruce seed w ith ahaiholic solutions of dyes in the cu.stoms would 
result in injury to ilu“ seed it it. were not sown immediately. 

The few c.atalase determinations show a consistent if.tralleli.sm with 
the results of the germination tests. In comparing treated seed with con- 
trols, it should lie remembered that the treated seed contained loo iiercent 
full .seed, whilt* the controls contained an unknown percent ftipproximatelx- .s 
percent) empty seed. I 'nfonunately it was not possible to make more tests 
and to follow the <our>e of catalase activity in the stored seed for longer 
periods. Ftiken in conjunction with the more e.xtensive germiiiatittn tests 
the results indicate that the <‘flect of the alcohol was first to e.vcife the fer- 
ments in the seed to acti^itx ; it the seed could not: tit (tnct* iiiul expression 
lor this awakeneii .ictit ity in germintuion, ;t weakening ensued. 

Withom inicrocheniicti! tests nothing could be le;inie<l of tlieextict effect 
ol the tdcohol. No specittl precautions were taken to remove the last tnices 
oi w.aler from the tilcohol. It is possible that less daimige would have been 
caused hati this been done. When .absolute .alcohol is useii there is no 
swelling, and presumaldy no inmieiliale jienetration of the idcoiml. When 
the seed were placed togiTmin.ate.soon after treatment some traces of alcohol 
may ha\'e been aiisorbed with the water, but yet have been so weak that a 
stimulating effect was i>roduced rather than a harmful one. It is well known 
th.at alcohol, Jike many other poisons, is stimulating in weak doses and 
iKirmhil in higher concentr.mnus. 'Fhe smttller and more delicate the or- 
ganism the sm, tiler the letltal dose, fn the case of seed storeil dry after 
ireutmeiit, it is probable th.it weaker seed, with slightly more permealtle 
seed coats, absorbed enough of the alctthol, po.ssibIy in ga.seous form, to 
thimage the protoplasm. Where conclusions must i.»e tirawn front the 
average pertr»rn!;iiice of a large number of individuals, it isttbvious that the 
.sigiiiticaiu phenunieiion is the behavior of the weaker tmd more sensitix'e 
individuals, w iiich are the tirsi ti,> succumb tmd afi'ect the results of the whole. 
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^ The writer wishes to express his thanks to Prof. Dr. Werner Schmidt, 
Director of the Waldsamenprufungsanstalt, Eberswalde, for the use of 
facilities at the station and for helpful suggestions; and to the staff of tlie 
Osborn Botanical Laboratory, Yale University, where the work was com- 
pleted. 
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Despite the conflicting nature of the data, the combined results of germina- 
tion tests and catalase determinations point to an injury from alcohol treat- 
ment which, however, is not immediate, but rather manifested by a more 
rapid drop in viability under ordinary conditions of storage, than in the 
case of untreated seed. 

These variations in germinative energy and germinative capacity follow- 
ing treatment with alcohol, may be superimposed upon unknown periodical 
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plaining the higher results obtained in March over November, with the same 
sample. 

Summary 

1. By immersing in absolute alcohol for a minute or two it was possible 
to remove empty seeds of Picea rubra Link, by flotation, and obtain practi- 
cally 100 percent full seed from those which sank. 

2. Seed which had been immersed in absolute alcohol, when dried and 
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promptly and completely than untreated seed. 
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SPECIFICITY TO PENETRATION OF THE EPIDERAfIS OF A 
PLANT BY THE HYPHAE OF A PATHOGENIC FCNCUJS 

Burt Johnson 

(Received for publication July 28, 1931) 

Introduction 

Specificity to attack by disease-inducing organisms has long been ac- 
cepted as fact, and because of this acceptance little experimental work has 
been done on the problem. On the other hand, a vast amount of work has 
been done on the questions of immunity, resistance, and susceptibility. It 
IS from these latter studies that information might be taken as a basis for a 
study of specificity to attack by disease-inducing agencies. No attempt will 
be made here to review this literature, for reviews are to be found elsewhere 
U. 5 . 7 . 8, 10, II, and 13). ' ' 

to define what is here understood by the term “speei- 

a2;d .n TT"’- “susceptible” are descripti^•e terms 
within a single species in their reactions towards [larasites- 
inri' r stated the situation as follows; ‘‘An immune plant signifies an 

S pTri: c b?: ^ given specie.s';f 

^ P asit c, but which . . . remains unattacked.” Va\-ilov (8) said that 

p actically, the phenomena of immunity are usually connected with im- 

thetfrf^'^ cross-inoculations are attempted with the idea of determining 

of no”? '™W"ooalat»ns, apparently ,vi,l. the i.lea 
These papers are of '■T ““I*- “ fuogus with its exiierimetitnl Iiosi. 

Miss 11 “ connection with the topic under di.scussion 

iss Gibson used the uredospores and aecidiospores of a number of ruMs 

from experimental hosts. The rust spores 

perimentelTV^ ^ germinate on at least one of tlie ck- 

Lrtuhe e T r '9 cross-inoculations she made,' the 

g m tubes enter the stomata of the hosts, but in no case were the lumlrie -md 

parasSilmTv JL'?' "°™al. wShe found that normai 

parasitism by the fungus could not be secured on varieties of rhiws nithe 

ne mineral nutrition of young resistant plants. Neither could immonb,- 
e conferred on susceptible varieties by grafting them on resi.stant e-arieties 

12 , 


fef 


f 
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Young UvSed a large number of fungi on a long series of experimental hosts. 
The results to which he devotes the most attention concern plants grown 
under aseptic conditions in test tubes. He reports several sorts of reactions 
of the hosts to the various fungi used. Callosities, penetrated vertical cell 
walls, swollen vertical cell walls, browned internal cells, and stained walls of 
epidermal cells were noted. Attempts to secure infections on plants grown 
under ordinary greenhouse conditions were generally unsuccessful, although 
the plants were held in a moist chamber for a period after the inoculations 
had been made. 

I )irect experimental knowledge concerning specificity to penetration by 
fungous In'phae is meager, and in large part observations on resistance- 
susce|,)libility relations do not seem to be especially applicable in a study of 
specifudty'. Tlie fact is that specificity to disease has long been accepted 
as fa(‘l and little or no concerted effort has been used in unraveling the com- 
plexities of this subject. In this paper it is intended to deal with the first 
liuestion to arise in such a problenu— namely, do fungi penetrate plants other 
than tlieir specific host plants? 

IMk roscopical Study of Penetration 

The attempt was made to simulate ordinary cultural conditions as much 
as possible. Therefore, most of the plants were grown in ordinary green- 
house soil in four-inch pots. In our first experiment, buckwheat, bean, and 
cotton were grown in nutrient solutions. The leaves of the plants were inoc- 
ulated with suspensions of spores of Colletolrkhimi circinans after the plants 
were growing well and liad set a number of true leaves. Stock cultures of the 
fungus were carried on ])ean plugs. 

C\ circinans is considered to be limited in its host range to the onion 
{AHiitm Cep(i), the shallot (. 1 . ascalonkmnj.miA the leek {A, Porrum). It 
can also l)ecome estal>Hshed chi fruits of apple (9), Because of its limited 
host range and because of ease in culturing the organism, C, circinans was 
used exclusively as the experimental pathogen in these studies. 

The suspensions of spores were prepared by pouring 10 cc. of water or 
TO ec. of 1 : 10 prune juice in a culture of the fungus and mixing thoroughly. 
l)r()f)s of this mixture were |)]aced on either or both sides of leaves which 
ap|)eared to he in the full \’igor of growth. The place of the inocnilation was 
outlined with India ink. Immediately after inoculation the plants were 
placed in a large moist chamber and held there for three days. 

The upper part c^f the moist chamber was made of glass. A high 
humidity was maintained by spraying water into the chamber. Although 
the chamber was ]>y no means air tight, during the hcKTest parts of warm 
days the temperature tended to rise above 3.0° C. The>se excessive temper- 
atures were counteracted by hanging curtains of cheesecloth in the chamljer 
and by ha\’ing a layer of cold water fiowing over the top of the chamber. 


After the inoculated plants had been held in the moist chamber for 
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three days, they were removed and allowed to dry for about an hour. I he 
drying completed, the sQuares of inoculated tissue weie cut out and fixcxl 
in formal-acetic-alcohol solution for 24 hours. Dehydration, infiltration, 
and embedding processes were conducted as is usual for such work. 

Microtome sections were cut from 6 to ii microns thick. The best 
results were obtained with sections 8 microns thick, and most of the niatei iiil 
was so sectioned. Staining was by a slight modification of Dickson’s 
method (2). Other staining methods were tried but success with them was 
more or less indifferent. 

In brief, the technique used {a) did not permit the sterilization of soil, 
which would eliminate the influence of the flora of the soil, (//) did not i?ennit 
sterilization of surfaces of the plant which would remove the possibly \'er\' 
important factor of competing organisms (3), (r) did not permit growth oi 
plants under excessively abnormal conditions, and id) did not permit the u>v 
of excised portions of the plant, the inoculations being made on acti\"e]\' 
growing leaves. Under natural conditions, specificity against atta(’k Ia* 
fungi seems to be general, so that it would seem necessary in a study of 
specificity to maintain any limiting factors which might possil>ly j)re\'ent 
parasitism by any organisms. It is obvious that any technique whi(‘h might 
eliminate limiting factors (however good that technique may be usualh* in 
phytopathology or in bacteriology) can be of little value in a study of 
specificity. It would seem that under natural conditions any relation of 
an organism to a host, including its “natural” host plants, w<)uid have to 
take place under competitive conditions, and not under the ccmditions of 
pure culture and optimum environment found in some of the liest pliyto- 
pathological technique. 

The principal object in view was to find whether or not penetratir)n pegs 
of C. circinans enter leaves of experimental plants. The first metho<i of 
attack in this study was the microscopical examination of sectioned and 
stained materials. 

The most noticeable reaction of most of the experimental hosts used was 
the formation of heavy red-staining (with magdala red) thickenings of tin* 
outer walls of epidermal cells in some of the cases were a|)pressoria \m^w in 
contact with the walls. Plate I, figures 3, 4, 5, 6, B, 9, and fo, show smne of 
the typical forms and sizes of the thickenings found. As is seen fnnn thv 
illustrations, there is no definite shape for thcvse thickenings, l)ut the>' avcnr 
only in association with appressoria. There is a strong tendency for ap- 
pressoria to form at or near the junctures of two or more ej)idernial cells. 
The plants showing red wall thickenings were buckwheat {F(r^opynim esrul- 
entum) jhean {Phaseolus vulgaris) var. Kentucky Wonder, cotton {(lossy pi um 
hirsutum), field pea {Pistim sativum var. arvense), soy bean (Soja maxi, 
tomato {Lycopersicon esculentum), tobacco {NicMiana tabacimi), (HicumlH.*r 
{Cucumis sativus), squash {Cucurbita maxima), pea {Pisurn sativum) \‘Mr. 
Dwarf Telephone, beet {Beta vulgaris), mustB.rd {Brasska alba), c'abbage 
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(Brassica oleracea^ar. capitata^ , California poppy {Esckscholsia calif ornica ) , 
yellow lupine (Lupinus luteus), and white clover {TrifoUimi Onion 

( Allium Ccpa) did not exliibit tlucse wall thickenings. 

Lima Ijean (P ha seal us lunatus macrocarpus) presented the most distinc- 
tive type of wall ilnckening f)f any of the plants examined. In the lima 
bean all the wall thickenings ol)served were bulb-like in shape and usually 
did not extend much fartlier than the limits of the appressorium. They' 
were all of a liyaline translucent nature, none of the usual red-staining wall 
ihii'kenings being noted. In connection with many of these pecailiar for- 
mations the a.p]a'essoria ap])eared to be ready to put out infeiUion p<‘gs, 
but usually an a<i.ual ])em‘tration was not to be observed. In figure io 1 

there is what a|)pears to be the usual type of wall thicking as well as the 
beginning of suc’h a thick(*ning for the lima bean. The norma! otiter walls of 
the lima bean are little or no thicker than the walls of the mesophyll cells. 

In addition, biK'kwheat, soy liean, tobacco, tomato, and pea in particular 
had many ('ollapsed epidermal cells. W’e <lo not know whether the a])pres- | 

soria on liaise evils caus<‘d their collapse or not. These cells stained red alsf>, 
and in many casts pemetration pegs wen* disclosed growing througli the walls 
(jig. 2). 

In all the plants memtioned above, except lupine and onion, the verti('al | 

wails of the epidermal cells also reached in some cases to tlie presemv of I 

appressoria digs. 3, 4, 5, 6, 7, ami Generally the vertical wall thi('ken- 
ings als<> stained red. Idgure 7 sliows a ease in which t,he vertical wall is s 

darker and tliicker than tlie lunanal walls. Such cases are often interpreted 
as in tercel luia,.r pcmetralJcins. 

lncj])ient or e\t*ii u<jl-dehned penetrations were seen in all the above 
I)lants, figures 6, 10, and 1 1 luang t\'picai of such phenomena. Pea (fig. i 1, 

Galiha-nia p<»ppy, nasturtium f I'ropavolnm wu///A),and green leaws of onion 
all showed apparenth' nt)nnal lophae ramifying throughout the tissues of 
the leaves. In some erases the tissues were more or less disintegrated al- 
tliougli the plan^^ had Iven inoculated for only three days. 

Referenc'c to the illustraticnts will show tliat not ail appressoria on the 
same plant will cause tlu* same reactions. For example, cases were seen in 
whii'h OIK* of t wtj appri‘<suria on a single epidermal cell would send a fumetra- 
tion pt*g into tlu* i'cll, while the other appressorium was asscajated with no 
apparent 1 ms! rt^aclicm. Figures 2 and 6 shenv similar cases of two different f 

reactions on the same cell. 

Only small amounts of lettuce {Latiuca satim) and castor l>ean {Rieinas j 

communis) were a\-aihi!jle for microscopical study. On the first nanic^d | 

plant, only a vt‘ry few appressoria were seen,, while none were seen on the 
castor b(*an. More mati‘rial should be examined before a (‘onclusion is 
reat'hed as to whether or not there is little nr no formatkm of ai>press(n*ia 
and n<} penetration in these plants Iw G. circinanSf or whelber it just hap- ^ 

pened that examination was made of material from which the imwulum hud i 

accidentally been removed. j 
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In order to check on the above described fixed material and to see u het h(,‘r 
or not the possible presence of artifacts was entering into the ol)ser\-atiofis, 
the following experiment was performed, using Bryophylhim- crenatum as t lu* 
experimental host. The methods of inoculation and incubation were as 
usual. Inoculation drops were of water and of i:io prune juice. I^'ree 
hand sections of the inoculated leaves were prepared and examined in tern- 
porary water mounts. The same experiment was repeated except that the 
plants remained in the moist chamber five days. Penetrations were seen in 
all the different inoculations regardless of the kind of inoculation <lrop use*d 
or the length of time the plants were left in the moist chamber. 

The fact that magdala red, in the staining process used, stains the wall 
thickenings associated with appressoria of C. cimnans red in all ('uses, ex- 
cept lima bean, indicated that materials of similar nature occur in tlie wall 
thickenings, regardless of the species of plant in which they occur, hi 
order to test this assumption of the constancy of the materials in wall thi('k» 
ings, use was made of simple microchemical tests. 

The results of the microchemical tests are given in table i. Again, with 

Table i. Results of Microchemical Tests to Determine Whether or not the Materials in Wail 
Thickenings Are Similar in All Plants 


Tests for Celhilft.se 


Testh iiix LiTiiin 


Buckwheat 

Cotton 

Tomato . . . 
Tobacco . . . 
Cucumber. 
Lima bean . 

Squash 

Beet. 

Cabbage . . . 
Clover 


+ = positive result; — = negative; o = no observations. 


these tests lima bean was the only plant found to give a specific color reac- 
tion at the wall thickenings. Although the intensity and shade of red 
caused by treatment with Sudan IV is not exactly the same in any Iwo p!;uUs. 
the results are definite enough to show the probability of similar substances 
in all the wall thickenings except those of lima bean. Two dilTerent tests 
were used to determine the possible presence of lignin. Negative results 
were obtained in all cases. Negative results were also obtained in cases in 
which tests for cellulose were made. 

These studies do not definitely demonstrate that the wall thickenings 
are of cutin or of cutin-like substances. Indications, however, are that in 
all cases, lima bean excepted, the nature of the wall thickenings in the 
various plants is similar. No exact conclusion as to the substance in the 


Plant 


Tests with 
Sudan IV 
for Cutin 
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wall thickenings is made. That the constitution of ail wall thickenings 
olisen ed is similar (lima liean excepted) is based, then, on (a) similar stain- 
ing reaciions with magdala red, (//) similar color reactions upon treatment 
with Sudan l\\ (m the negative evidence that no positive reaction for lignin 
was ()l)s(.‘r\-(‘d, and id) the negative evidence that no positive reaction for 
cellulose was detect<Ml. 

Sl’ATISl'ICAl- STI,t)V OF TillC RiCACTIONS OF THIC .EpIOKRMAL WaI.I.S TO THI*: 

Pio*:si«;nce of Apprkssokia 

Many workers when rej)orting the results of their studies concerning tlie 
numbers <»f junKti'at ions or other host-parasite relations use only very gen- 
eral terms. Such !(‘rms as Miawly’* ami “generally” are often dilHcult of 
int(‘rpr<‘{atio!i. It s(‘ems ne{‘es.sary that c( )ni par a tive numbers or perccmt- 
ages be gi\'en if a true picture f>f the extent of a reacticm is to be s(‘<'ure<I. 
Some writers have giv(m smT data. It w'as in an effort to fmd with some 
(lt*gre(‘ of comparative* exactness what ha<l happened in our materials that a 
representative Mirv(*y of some of the host -parasite relations was attempted 
on our matt*rials. 

I'he imnhod was to examine every fourth sectie)n on a slide. Knough 
slifies wc*re exaitiined to give what was lielieved to be sufficient numbers of 
appreshoria ta be statist i(’ally significant. All examinations were ma<ie at 
a magnifa'ation of 660 diameters. With sucli a magnificatioti a fairly ac- 
iTtrate and rapid survev' <\’in be made, but there is always the (diance of mis- 
taking a sliglu contortif>n of the host cell for an infection peg when using 
surf] low magnifications. 

llie manner of classif'u'ation is as follows: All the appressoria resting on 
the leai, or obvioudy (‘onnemed witli the leaf, were counted and recorded as 
”niim!H»r of appn/ssoria.” Hum all the cases where appressoria were 
distincth' in connection with retbstained thickenings of the outer wall of the 
epidermis were counted and {'omputed as ‘‘ percent of appressoria (‘oimecied 
with wall ilnckenings” or in table 2 “percent of wall thickenings.” IIIus- 
tratifins of this condition are to be found in figures 3, 4, 5, p, 10, aiui n* 
Althougii the ifnekenings in the lima bean did not stain red, they were classi- 
fied as “wall ihic’keiiiiigs,” no distinction being made between the red- 
staining thii'keniiigs and the hyaline ones. 

The reamion listed as “percent of vertical wall tliickenings” in table 2 is 
figured in figures 4, 5, 6, 7, and p. In such cases the joining walls between 
two epi<ierma! cells become noticeably thicken than the normally green- 
staining walls. llH‘se abnormai walls are usually red. However, figure 7 
illustratch quite well a condition where the affected vertical cell wall is 
merely tliicker ami darker than the normal walls. Due to the fart that 
penetratiem hyphae are so small and indefinite in outline, it is extremely 
difficult to determine accurately whether such cases as those in figure 7 are 
actual penetrations or purely a reaction of the cel! walls to the jwesence of 
the ap|,)ressoria. 
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Table 2. A Summary Table of the Comparative Percentages of Occurrences of Wail 
Reactions of Epidermal Cells of Experimental Hosts to the Presence of the Appressoria of 
C. circinans, to the Total Number of Appressoria Observed. See Text for the Bases of CiassP 
fication of the Different Kinds of Reactions 


Plant * 


Buckwheat 

Bean (Kentucky Wonder) 

Cotton 

Field pea 

Soy bean 

Tomato 

Tobacco 

Cucumber 

Lima bean (old) 

Lima bean (young) 

Pea (Dwarf Telephone) . . 

Beet 

Mustard. 

Cabbage 

Onion 

Lupine 

Clover 

Squash 


* Cells of nasturtium were so collapsed that it was difficult to determine 
relations between appressoria and host. The sections of the poppy niiiterial 
irregular that it was difficult to count appressoria without repetitions. 


ening” and a “vertical wall thickening.” In other words, these three ap- 
pressoria would be counted twice. It is because of the few cases of this 
nature that the percentages in the several classifications often total .slight h’ 
more than too percent. The illustrations in figures 3 and 8 show borderline 
cases. This sort of a reaction was generally classed as a “wall thickening." 

From the discussion immediately above it is readily seen that the classi- 
fications used are entirely arbitrary, and that much is left to the judgment 
of the observer in his distribution of the reactions into their several classes. 
Despite the objections which might be raised, it is believed that a degree 
of accuracy in classification was attained so that the results can not. be 
seriously questioned and that they give an adequately clear picture of the 
conditions found in our materials. 

In some cases the epidermal cells were collapsed. We are not pre[>are<i 
to say whether the presence of the fungus caused the observed collapse or 
whether the collapse was due to some other cause or causes. Therefijre we 
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have been content to say merely that the appressoria in such cases are ‘‘on 
collapsed cells.” A typical situation of this nature is shown in figure 2 
taken from a leaf of soy bean. Because of the uncertainty as to the cause 
of the collapse of these cells no attempt will be made to discuss their relation 
to specificity. 

Large numbers of appressoria were not associated with any of the above 
described reactions. Such appressoria are listed in the column headed “no 
reaction ol.)served.” 

Reference to table 2 will immediately show that there is no definite rela- 
tion l)etween the single species of fungus used and the number and kinds of 
reactions associated with the appressoria of the fungus. The numbers 
of reactions seem to be dependent to some extent on the species and condi- 
tion of t!ie plant Ijcing attacked. This is not to say, though, that there is 
absolute specific'ity to i)enetration by the hyphae of fungi. 

I'irst, considering the most obvious condition, this work tends to confirm 
the general opinitjn (hat directly penetrating fungi seldom enter stomata. 
Thi^ al>soiute numlx^r of stomata found to be penetrated in our material 
scHuns It) be greater tlian that reported by other workers. In the thousands 
of host'parasite relations that Young (12) must have examined, he found 
onh' two {‘ases of storaatal j)enetration. Not only is the absolute number 
observed by us greater, Init the percentage of cases would also be greater. 

Our study did not reveal large numbers of penetrations. Considering 
these data one could not well say that there is specificity to penetration on 
ex|ierimental hosts. hAcluding the percentage of penetration in onion 
lea\’es, w<‘ find that uith one exception, clover, all the percentages lie be- 
tween 0.5 and 3.3. Walker I9) had already observed that young onion 
plants damped off by C, rirnuaris. Results from other workers are not 
at hand gi\*ing the pi'rcentages of penetrations of onion scales by C. circinans. 
Dr. Walker, in a verbal communication, gave it as his opinion that compara- 
tively few penetrations o('cur in the onion bulb scales in comparison with the 
numt)er of spores of C. rbrinans present. It has already been pointed out 
that there is a ver>' high percentage of germination of spores of C. drciuans 
on a \'arii*ty of Iea\es. In order to find the percentage of penetration in 
oniiin !)ulbs the following experiment was undertaken. An entire white 
onion bulb was ttsed, the outer dry scale being removed. The onion was 
placi^fl in a glass naust chamber and inoculated by pouring over it a heu\’y 
suspension of sport*s of ( firdnans in water. Conditions of inoculation and 
treatnuuH prior 10 examinalitm were similar to those for Bryophyllnm 
labovt*!. hNaminaiion was by Walker’s method. Appressoria were so 
miiiKu'ous in pla,{'i‘s that it was diffieuit to find individuals upon which ac- 
(‘iirale (^liseiwatif)!! rnighl lie made. A systematic survey of the material 
was made, and the first 200 appressoria placed by themselves w'cre counted 
for the mimlH*r oi cases of penetration with which they were associated, 
T\vent>-nine penetrations (14.5 percent) were found. Another similar 
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experiment gave confirming results. Therefore, if our assumption that 
the percentages of penetrations in onion scales are comparatively low is 
correct, then the percentages given in table 2 can not be considered unduly 
low for experimental hosts; and this fungus can not be said to show a high 
degree of specificity in its host range as far as penetration is concerned. 

Turning now to the percentages of vertical wall thickenings, there is 
found to be a rather remarkable constancy in the reactions of these plants 
toward the appressoria of C. circinans. Again disregarding onion, in only 
two plants, mature lima bean and lupine, are there no thickened \^ert}cal 
cell walls. All other plants show frequencies of this reaction effualling 0.2 
percent to 12.2 percent of the appressoria observed on them, most of f lie 
percentages falling between 2.5 and 9.1. From such comparatively cmi- 
stant results over a wide range of species, it can hardly be said that tliis 
reaction is specific to a few plants. 

The same general condition can be found in that class of react imis desig- 
nated as ''wall thickenings.” In these cases the reaction is nundi mf»re 
pronounced in its individual appearance than the others just discussed. 
There is a wider range in the percentages of occurrence of this react i(!n 0.4 
to 49.1 — than in the others. Again it can be said that there is no absolute 
specificity regarding this reaction (except onion) for most of the |x*rcentages 
lie between 4.0 and 39.5. 

The specific reaction as regards the kind of wall thickening in the lima 
bean has already been pointed out. 

So far exception has been made concerning the green leaf of onion. 
That penetration by C. circinans is not limited to a few species of Allium will 
be shown in more detail in the following sections. Of the hosts studied, 
onion is the only one showing no thickening of walls and vertical walls. In 
that way it is specific in its reaction to C. circinans. But in other resfiects 
(under the conditions used) it is similar to other plants in its reacti<ms ex- 
cept in the absolute percentages of occurrences of those reactions. 

The Viability of Penetrating HviutAE 

In this part of the work, the inoculum was either dropped on the lea\'es or 
the leaves were dipped into a suspension of spores. After inoculation t he t rea t - 
ment was as follows: Plants were held in the moist chamber three da\’s, after 
which the leaves were allowed to dry for an hoiua Then the leaws were? 
surface sterilized for either i, 3, or 4 hours in a solution of chlorinated lime. 
The sterilized leaves were put in sterile petri dishes and covered with prune 
agar. It was considered that each colony of C. circinans which appeurcMi in 
the plates came from a hypha not killed by the sterilizing fluid because^ the 
hypha was in the leaf. 

That the sterilization employed is probably efficient is shown b\' ilm 
very small numbers of contaminants found on the leaves in the plates. In 
addition, in a control experiment, the spores of C. circinans were germiimied 


Jan., 1932I 


JOHNSON SPECIFICITY TO FUNGUS ATTACK 


21 


on slips. 7\fter germination the cover slips and germlings were 

[)ut into file sferili/.ing Iluid and then covered with prune agar, ju.st as the 
lefiNCK had been trealed. d'he germlings on the cover slips were killed by 
even the shorK^st pieriod of sterilization. 

d'he results from the platings from the leaves are given in table 3. With 
the exception of lettuce, all the plants gave po.sitive results with the tech- 
nique used. In thelirst trials with cabbageand castor bean, no coloniesof the 
fungus were plated out. 'Phis ob-servation conforms to a previous one that 
in some of tlu‘ fixed material of cabbage and all of the material of castor bean 
no appressoria wert' found at all. Similar results were obtained with some 
plants that had been inoculated only 26 hours before .sterilizing the surfaces 
of the leaves. 

Tahi.i-: t‘l<in!s I nm iilaU’d '.vilh Suspensions of Spores of C. drdiians, Hdd^ in the 

Miiisl ('hiimhii- fur Ihiys and Leavi's then Surface Sterilized with Chlorinated Lime for Dij- 
fereiit Length-, el rime hut without llarmiiifi the Internal Eyphae. Numerators Indicate^ the 
Xuinhers of Cidtmies Fuund in the Plates, and Denominators Indicate the Numbers of Pieces 
of Stirfate Sterilized Leaves i 'sed for Platinii Out 


IiKiniilation Drop 
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This series of plating out experiments can be considered as no more than 
indicative that all penetrating hyphae do not die soon after entering plants 
other than their ordinary host plants. These results also tend to confirm 
the microscopical observation that penetration occurs in most plants within 
three days after inoculation, and that in some of the plants turgid, apparently 
normal hyphae are to be found. 

Viability of C. Circinans in Leaves Remaining Attached to 
Experimental Hosts 

Microscopical observations and plating out experiments having in<li(‘ated 
that living hyphae of C. circinans are to be found in leaves of experimental 
hosts, it was decided to try a series of preliminary experinients to see whether 
or not the fungus could live long enough in leaves to come to sporuiatiom 
The procedure for these experiments was as follows: The plants were 
inoculated and held in the moist chamber for three days in the usual manner. 
Then they were held under greenhouse conditions for from fi\-e to ten days. 
During this period all the watering was done at the soil surface to pre\'ent a 
periodic wetting of the leaves. Then the plants were returned to the moist 
chamber for two or three days. This treatment forced the appearaiu'c of 
the fruiting bodies on the leaves. However, often a few sc'attered asccrvuH 
could be found without returning the plants to the moist chamljer. Again 
the plants were returned to greenhouse conditions and the leaxe.s fmalh- 
microscopically examined at the end of another three to se\-en da\*s to de- 
termine the possible presence of ascervuli of C, circinans. 

All the plants used were young (many still retained functioning coty- 
ledons) and apparently healthy and vigorously growing (except 
radish). Thus any attack which might be observed would, at least in the* 
first stages, be parasitic in nature. All results were taken from the true 
leaves of the plants and if the fungus was found on the cotyled<jns nme is 
made of that fact in the proper place. In some cases the fimgus was 
reisolated from the diseased leaves, and white onion bulbs in the moist 
chamber and white onion sets in sterile soil were inoculated with the re- 
covered fungus. In such tests the onions were all hea\hly infetTed with 
smudge, demonstrating that the ascervuli observed were those of L. circinans. 
In addition, when mounts of the leaves supporting a growth of (/. circinans 
were made, very seldom were spores of other fungi oi)served. 

The results of these several experiments are to be found in table 4. It 
will be noticed that at times the numbers of plants with symptoms are greater 
than the numbers of plants actually observed to have ascer\aili of the 
fungus on them. This is due to the fact that the notes on symptoms were 
taken independently of and before the observations on ascervuli. That 
the results on the symptoms and ascervuli conform as closely as the\^ do indi- 
cates that peculiar and definite symptoms are caused b}’ t hV fungiis. Also, 
it should be remembered that symptoms caused by (’. circinans on these 
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Tamli-: 4. Ihitti an the Parasitism of C. circinans on a Number of Common Economic Pkmts. 

See Text for Details 


Plant 

Inoculation Drop 

Control 

I 

10 Prune 
Juice 

Water 

r« 

cJ 

'0 

6 

No. of Plants 
with Symptoms 

No. of Plants 
witli Ascervuli 
of C. cii'dnans 

No. of Plants 

No. of Plants 
with Symptoms 

No. of Plants 
with Ascervuli 
of C. circinans 

No. of Plants 

No. of Plants 
with Symptoms 

No. of Plants 
with Ascervuli 
of C. circinans 

bm'kwlit'al 

7 

0 

0 

8 

2 

2 "^ 

II 

2 

I 

Hiaui d\(uHu<'k\’ W'omlcrj 

3 

0 

0 

6 

3 

2 

6 

2 

0 

( ‘fit If (H 

3 

0 

0 

5 

2? 

I 

2 

0 

0 

P'lf'M pf.t 

4 

I? 

0 

4 


3 

3 

3 

3 

Sen' luaill 

4 

3 ? 

0 

7 

3.' 

0 

3 

I? 

0 

dbuialf » 

i 

0 

0 

2 

2 

2 

2 

2 

I 

'Ltd Kb •<■() 

I 

0 

0 

3 

0 

0 

3 

0 

0 

/ 1 j f * H TH S t U * T" . . * 

8 

0 

0 

16 

3 ? 

T, 

22 

5 ' 

I 

{ iiib'i. bciUi . * . . . 


0 

0 

5 

I 

1 

7 

I? 

0 

SfjUi'tsli • 

6 

0 

0 

II 

0 

I 

10 

0 

0 


^ 8 


0 

1 1 

11 

( 3 ') t 

14 

1 4 

(* 3 ) 

\i lislitf'd • • 

i 15 


0 

21 

13 

(6) 

36 

13 

(7) 

{ '.tbbugf 

I 

! 0 

0 

3 

3 

2 

3 

3 

A 

if 

1 3 

! 0 

0 

4 

0 

(> 


0 

0 

< . bi'tU 

! 12 

1 0 


7 

5 


3 

I 

I 

1 ) } 3 pi 0 1 1 « n ■ f , . . 

^ 17 

! 0 

0 

47 

21 

0 
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. .j .».• 


i 18 

i 0 

1 0 

; 

0 

4 

4? 

4 

Radidrj, 

; 1 2 

\ 0 

0 

10 

i 7 

(2) 

■ 15 

9 

6 

lull ling glury 

! 3 

i I? 

I 

1 1 

1 ^ 


7 

0 

ip 


■ . — 

: — 

; — 

7 


5 t 

7 

— 

5 

1 ‘Vi I .f torf'lli I 1 ! '8 \ \' 'tv* 1 , 

3 

0 

^ 0 

8 

i 4 

0 

5 

4 

1 t> 

IVa ^Alaska, 

<) 

(3 

0 

1 1 

i 11 

(3) 

I r 

1 1 

i f 3 )t 

Kmli.'iht - 

7 

; 0 

0 

12 

i ” 

, ( 9 )t 

lO 

1 10 

(8) 

1 


** i hir a 111,1 rnlinr of fjlants aino had cotyledons infected by C. circiminSn 
f One fir more plants were killed by the parasitism of C, circinans. 

I'liese I (Lulls were not ftrowing vi^wously soon after the experiment started. C. 
ll'ieii, ina>' liave grown saprophyticaliy in these cases. 

\mnbef‘t in parentheses indicatf^ that only that many plants of the total showing 
s) iiipfofiN weiv niiero^eopieally examined, ami that all which were microscopically examined 
had asvrrvnli of C‘. iirtinans on them. 

plains hav e m>\ er been repnrteti before, so that possibly absolute agreement | 

foulti nut be expeetetl uu the first observation. The results given under 
symptoms iire exactly as the notes were taken, cases of doubt at the time 
of taking the notes being iiulicatcd by a question mark. 

In general, it will be seen that a number of plants are attacked by the 
smudge orgitnism when one or both kinds of inoculation drops were used. 1 

In some eases the attack was so severe that the death of the host ensued. 

As these experiments may not be considered as more than preliminary in i 

luiture, it is entirely possible that varieties of plants that here appear not to ? 

tolerate the fungus long enough for it to sporulate on them will on fiuthei I 


trial show the usual svinotoms. 
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In another experiment both Dwarf Telephone peas and California poppy 
were subjected to rigorous conditions of moisture and temperature. The 
inoculation drops were of water, of i : lo prune juice, and of a soil extract. 
All plants were diseased and some of the peas were killed. 

Incidental experiments on peas other than those reported in table 4 but 
using similar technique showed that peas were uniformly attacked by 
C. circinans under the conditions already described. To see whether or m)t 
a three-day period of moisture immediately following inoculation is necessary 
for parasitic attack on peas, the following experiment was conducted with 
young vigorously growing Dwarf Telephone peas. Plants used in some of 
the previous experiments were older, but nevertheless apparently healtli\' 
and vigorous. Of the 13 pots of plants available, seven were inoculated wit h 
spores suspended in i : 10 prune juice, and six were inoculated with spores 
suspended in water. All were then placed in the moist chamlxn*. At the 
end of 24 hours, four pots (two pots for each kind of inoculation dvo]) 
used) were removed to greenhouse conditions; at the end of 4S hours four 
more pots were removed; and at the end of 72 hours the remaining t)ots 
were returned to greenhouse conditions. Almost immediately the typic'al 
wilting and shriveling of the leaves appeared. Text figure i show's |)lants 


:s in pot at the right 4 days after being iiuxnilated with 
I : 10 prune juice. The infected leaves are wilted and 
same age are in the pot at the left. 


ir 
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returned to the greenhouse the second time, microscopical examination was 
made of the leaves with the results shown in table 5. 

'I'AHi.n 5. Virnknrv of the Parasitism of C. drcinans on Dwarf Telephone Peas tmder 
Different Conditions of Moist are. and with Different Media for the Suspension of the Spores 
for Inmnlalion. Plants Were Held Alternately in the Moist Chamber and in the Greenhouse. 
Sot More than Two lienions on Each Plant Were Examined to Determine the Presence of the 

Ascervuli of C. circluans 


Initial IhTi'ifl in Moist 
f ’.hunihor 


I riav. * . , 

I 1 ])rinu* jiHCe 

..liiC.C. 1'. walcr _ _ 

^ ; pniiut j II ICC 

. . . . * • ' at <‘i ^ 

3 days - 

* 1 )catli ot thir, pLinl may have U«ii due to other causes than parasitism by C. drcinans. 

An attempl to Induce parasitism on Dwarf Telephone and Alaska peas 
when the plants were held under greenhouse conditions throughout the en- 
tire experiment gave negative results. 

Alsf), ;itlemi)ls to infect the same varieties of peas by C. drcinans placed 
in the soil resulted in failure. Pea seeds were germinated in sterile soil. 
Fach <lay susi)eiisions of spores of C. drcinans were added to some of the 
pots containing the germinating seeds. After these inoculations of the soil 
the pots were held under the usual greenhouse conditions (including water- 
ing;. Regtmliess of whether the inoculation was made one, two, three, four, 
or five days (till plants were .above ground at the end of five days) after 
planting tlie seed, typical lesions did not form on the above-ground parts of 

the plants. . . 

Sterile soil in pots wtis inoculated with cultures of C. circincms worked 
into the soil. ( )ne-third of the pots were held outdoors during the month of 
I-ehrnarv; one-third were held in a wtirm dark room for the same period and 
recelved'no water: and one-third were placed in greenhouse conditions where 
tiiey were watered e\ er\- dav for the same period. It was hoped that under 
,,ne or more of the^e .'ondiiinns the fungus would multiply in the soil, m.akmg 
a heavy inoculum. At the end of the month, Alaska and Dwarf Telephone 
petts were planted in equii! numbers of pots from each condition, and all the 
pots were phtceti in the usual greenhouse conditions. No symptoms or 
ascervuH of <*. drcinans were found on the roots or above-ground parts of 
•un- of the plants. All the cotvledons were badly infected, proving that the 
fungus was still living in tlie soil. Whether the attack on the cotyledons was 
sapn.phytii- or parasitic and saprophytic we do not know. 

A cleM‘riptiou of Uie symptoms caused l)y C\ ciremans on the kaves ot 
peas under the conditions emi>loyed in our studies follows. Within two to 
J 


inoculation Drop 


wattT* 


No. of Plants 


6 

5 

9 

7 

7 


No. of Plants 
witli Ascervuli of 
C. drcinans 


4 

'5 

9 

7 

7 

8 


No. of Plants 
Killed l;>y 
C. drcinans 
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five days after inoculation, infected leaves will suddenly wilt and curl. They 
dry rapidly and soon become somewhat brittle. If the killing is rapid the 
leaves retain part of their color, at least until the latest stages of the attack. 
Leaves killed more slowly change to any one of a number of shades of brown . 
This brown color is distinct from the yellow or bufl* color of leaves dying of 
physiological old age. Also, “naturally” dying leaves are seldom as much 
contorted. As the fungus becomes well established, groups of the Ijhu'k 
ascervuli can be seen by close examination, and in extreme cases tlie former 
leaf becomes a tightly rolled black mass of the fungus. Petioles. stii)ules, 
stems, and tendrils are also readily infected. At times plants are appaiTiitly 
killed by the attack of this fungus. It appears that most of the damage? re- 
sults from the primary inoculation ; spread of the fungus from one part of the 
plant to another or through the plant has not been demonstrated. In a 
large number of cases, if the plant is not entirely killed, a new shoot will 
grow from the first or second node above the ground line. Although the 
upper part of the plant is just barely living, the new shoot apparently is 
unaffected by the fungus. Usually the leaves on the new shoot an? a ligliter 
green than those on the older stem. Text figure i shows the condition of 
the plants in an early stage of the diwsease. 

Discussion 

It has been stated by some investigators that certain troj)isms are of 
general occurrence and are of great importance in determining tlie likeli- 
hood of the penetration of a plant by a fungus. If the importance tro- 
pisms in this relation is to be accepted as a generality, it would vseem, exre])t 
in rare cases, that these tropisms should make possible the penetratifiii of 
almost any plant by practically any fungus. But such penetrations do not 
seem to occur under “natural” conditions. 

The attempt to explain the inhibition of hyphal growth within a plant 
by assuming the presence of a toxin in the host would seem to be of little 
help when the evidence of predisposing factors is considered. In eg her 
words, if it is true that a plant is easily attacked under wet condititms, it 
might justifiably be asked why the toxin is inactive at that time. The inert* 
possibility of its dilution during the brief interval of predisposition will not 
explain its inaction after this short interval of predisposition. Furthenm )re, 
after normal conditions are restored, the fungus often normally continut*s to 
grow but why it should do so in the presence of the suppr^sed tthxins is luu 
clear. On the other hand, if predisposition is of such ^dtal importamv it 
would seem that more plants than have thus far been reported wouUrbe 
attacked by “foreign” organisms. 

There are reports that nutrients, exosmosed products, and staling prneb 
ucts are important in relation to the reaction of fungi. ( )iie is led to 1 reliev e 
that these factors and their influences are quite commonly present . Spores 
germinate and appressoria form under very diverse conditions on inan\- 


Jan., 1932] 


JOHNSON — SPECIFICITY TO FUNGUS ATTACK 


27 


host plants. Taken altogether, then, one infers that the necessary condi- 
tions for infection are present. That is to say, the lack of conditions for 
the germination of spores and the formation of appressoria is not a limiting 
factor in the amount of penetration of non-host plants by fungi. However, 
few penetrations of non-host plants under ordinary conditions have been 
ref)orted. 

Whether the mechanism of the entrance of fungi into a plant is by means 
of enzyms, meclianical pressure, or both, it seems that more cross-inocula- 
tions should lie successful. To assume that the cuticles of hosts are different 
is to say that the mechanical pressure theory holds only in special cUvSes. On 
the other hand, it is likewise inconsistent to say that the chemical composi- 
tion of cuticles differs qualitatively according to the plant. To maintain 
tins position, four facts must lie successfully controverted, (a) Distinctly 
different enzyms have not been found for each supposedly diff'erent cuticle 
that has been penetrat<‘d by fungi, (b) wSingle strains of fungi have been 
shown to peiunrate a number of different cuticles and artificial membranes. 
\( } It has not b(*en shown that predisposing factors change either the com- 
])<jsitions of the su|){)ose<lly different cuticles or produces the enzymic actions 
iKM'essary to soften each of these cuticles, (d) Fungi penetrate a tissue 
under one set of conditions but not under other circumstances. 

In the numerous pa})ers on resistance and susceptibility, attempts at 
cornhition of morphological characters, chemical differences, and metabolic 
changes with resistance and susceptiliility have been made. In many such 
('ases im sigaiificant ('orrelations have been found. In those instances where 
differemes have been fouiul, there is usually a wide range of conditions on 
eitlitn* side of the mode which still {>ermits the plant to be resistant or sus- 
ceptible as the c'ase may be. It is difficult to believe, for example, that other 
plants thati the fow repealed do not have approximately the same amounts of 
ptmtosans tliai corn .seedlings susceptible to blight have. Apparently, 
though, the seedling blight organism attacks comparatively few plants. In 
fact, it seems that t'orrelations of a few' factors with resistance and immunity 
in a single have little bearing on the problem of specificity to attack 

(Tser\ ed in same organisms. Attempted correlations of the reactions 

of the host a fungns after ptmetration with resistance or susceptibility 
ha\e likewi>e link* to offer in a stiuly on specificity to attack on those same 
liosts. 

Amuher pt*culiariiy of these host-parasite reactions which is often 
noted and just as often goes unexplained is the fact that very seldom do the 
lujdiat* nf directh’ pi^netrating fimgi enter stomata. All the facts acciimu- 
laied thus far u*\cc-pt the actual observation of the non-entrance of stomata) 
wtaild tend to -how that hypitae of almost any fungus should enter stomata 
mnk*r man\ ('onditions. Actually, however, such does not seem to be true. 

In other pans of this paper there is some discussion of the relative merits 
of the *^evi‘ral technitiues a\'ailabie for a study on specificity to penetration 
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by parasitic fungi. In no case can any technique be said to give “natural 
conditions.'’ In that respect any investigation on specificity to attack by 
a fungus must be limited. 

It should be emphasized that the present study is not wide enough in its 
scope to make generalizations concerning specificity to attack by fungi. 
Many other experimental hosts, a wide variety of both parasitic and strictly 
saprophytic fungi, and diverse environmental conditions must be employed 
before anything approaching a definite conclusion on this matter can be 
reached. As far as work reported in this paper is concerned, the only 
general statement to be made at present is that C. drcmans appears to be 
parasitic, under certain conditions, on a number of species of plants. 

This investigation indicates that the so-called specificity against attack- 
ing fungi is not generally due to any one of the following as a limiting factor 
— failure of spores to germinate, non-formation of appressoria, non-|)enetra- 
tion, nor rapid death of the penetrating hyphae soon after entrance into the 
host. Work on the rusts of cereals, on Erysiphe^ and to a limited extcmt 
on a number of directly penetrating fungi indicates that in resistanc’e- 
susceptibility relations, the principal limiting factor is that of the death of 
the fungus soon after the host has been penetrated. It is doubtless entirely 
unsatisfactory to speculate at present as to whether or not the letlial effects 
(whatever be their causes) on fungous hyphae within resistant and immune 
strains of hosts is confined to resistance and immunity within a single spe('i(‘s, 
or is also to be found as a limiting factor causing specificity against attack 
in a number of species. 

A number of suggestions have been made as to the cause of the ietlial effect 
on fungi in immune plants. I have already discussed these t he( )ries and have 
pointed out that it is difficult to believe that all species of plants except a few 
are so constituted that they are not the proper environment for a particiilar 
fungus. However, it must be admitted that if this argument is a<Tepted 
without any reservations it will be extremely difficult to explain the causes 
of immunity and resistance on any grounds. It would seem that Walker is 
entirely correct when he says that any conclusions regarding resistan<*e in a 
strain of plants must be based on facts gained from a study of that particular 
case. At present the same principle must be followed in a study of spind- 
ficity to attack by fungi. 

As regards the particular problem of the generally accepted specifu' host 
range of C. drcmans in contrast to the results we have presented, indicxiting 
that under certain conditions this fungus can parasitize other t)lants, two » 
pertinent questions might be asked. These questions are: W’hy does (’. 
drcmans not parasitize these plants under the normal cultural condiiions 
of field and greenhouse.^ Under the conditions used in the present (experi- 
ments, (a) why were some of plants penetrated oftener than others by ihe 
fungus; ib) why did one apparently not have viable penetration hyphae in 
it while the others did ; and (c) why were some plants parasitized by ( drdn- 
ans and others not.^ 
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Attempting an answer to the first question, it is suggested that one of 
the most important reasons for specificity in this case under '‘natural” 
circumstances is that environmental factors prevent (or at least do not aid) 
in the attack of the fungus on non-host plants. The conditions for the 
active parasitism by C. circinans on experimental hosts seem to be the pres- 
ence of moisture at the right times, and possibly a heavy spore load in the 
inoculation drop. This suggestion is based on the following facts: (a) 
Moisture is necessary for the parasitism of C. circmans on onions; the 
recommended control measure for onion smudge is to keep the onions 
reasonably dry, rain during harvest being enough to afford the proper con- 
ditions for attack, (h) On the whole there is constantly more moisture 
in the soil than in the atmosphere; there are times when the air is satur- 
ated witli moist urt* for f|uite prolonged periods, but often it is probable that 
sucli |)eriods are at iinjpj)ortune times for fungous attack, (c) The more 
spfa'es a fungus there are [)resent the more likely is that fungus to infect 
its host plants (within limits), other conditions being equal; if enough 
sf)cn‘es (jf ('. rircuKius arc not present on the plants wiien conditions are 
correct, there is less likelilioocJ that the fungus will infect them; seldom are 
large numbers of spores of ( circinans likely to come to rest on the above- 
ground ])arts of plants. The importance of the proper (and as yet uiiex- 
|)iainedt c'onditions is illustrated by this instance. A white onion bulb 
was inoculated with spores from a single culture of C, circinans in the usual 
way. There were large numl)ers of spores on the bulb, but in some places 
not one of those spores was germinated, while a few^ millimeters away prac- 
tically e\^ery spore had germinated so that the bulb was almost solidly cov- 
ered vith appressoria in that area. 

lliis reastining <loes not in any way explain the situation as regards the 
o!)ligate para^i^es: nor do(‘s it explain why roots in moist soil where C. circin- 
ans is present a]>parenth' are not parasitized under natural conditions. 

A tlefmiti^ answer can not be given to the second question until more 
plants in ain* one of the species are studied. For example, it can not be 
definitely >ai<l that c'astor bean is specific in its resistance to attack by C. 
cin inans until more bean plants are inoculated. That some specific 

conqxnmd conferring “immunity” is present in the case of the castor bean 
seems not to be a safe tissumption at present. 

Summary 

1. A dismission of some of the concepts of resistance, immunity, and 
susceptibility as they might possibly relate to specificity to attack by dis- 
ease iiidiK'ing agen<‘ies is gi\*en. 

2. Setitions of !ea\‘es from 22 species of plants were microscopically 
examine^}. Twent}’ of the plant.s were penetrated by C. circinans under the 
conditions employed. 

3. Indications are that the thickenings in the epidermal walls associated 
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with the presence of the appressoria are of similar natures, lima bean 
excepted. Ten species were tested microchemically. 

4. Statistical studies revealed no definite indication that the reactions 
of leaves of various plants to C. circinans are narrowly specific. The reac- 
tions of 19 species were statistically classified. 

5. Plating out experiments tend to show that some hyphae are still 
viable within the leaves of experimental hosts three days after inoculation. 
Previous to plating out, the leaves were surface sterilized. Of 20 species so 
studied, only one gave negative results. 

6. Using an inoculation drop of i : 10 prune juice, 16 varieties of plants 
showed lesions caused by C. circinans 7 did not show lesions. Using an in- 
oculation drop of water, 14 varieties of plants showed lesions; 9 did not show 
lesions. Using an inoculation drop of soil solution, 2 species of plants 
showed lesions; none showed no lesions. These results were obtained under 
certain conditions of moisture. 

7. Attempts to secure a disease of peas caused by C. circinans by inocu- 
lating the soil in which the peas germinated and grew were iinsiiccessfiil. 
Inoculation of foilage of peas which were then kept under greenhouse con- 
ditions did not result in a disease of the peas. 

8. Generally speaking, C. circinans seems to be more virulent in its 
parasitism when it has a saprophytic start, as in i : 10 prune juice. 

9. The evidence of microscopical examination, plating out experiments, 
and the fruiting of the fungus on living experimental hosts indicates that 
under certain conditions C, circinans is not specifically limited in its host 
range to some species of Allium. 

The writer is indebted to r 3 r. B. M. Duggar for help and suggestions 
throughout this investigation and for criticism of the manuscript. Dr. J. 
C. Walker also took a very kindly interest in this study. 

Citrus Experiment Station, 

Riverside, California 
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EXPLANATION OF PLATEII 

l.-„; I A small portion ol a h-af of Dwarf Telephone pea. The tissue is practically 

disinmiiraP-d and hvphae are ramifying throughout the leaf. The upper part of the leaf 
’"vaH L a mu^s <,f dark hyphae and appressoria is shown at the top of the photo- 

nucograph. P,.„etrations through the collapsed upper epidermis of the leaf. 

('otioii. keaet ions of wall of the upper epidermis. 

linckwhcat. Marked retictions of wall of the upper epidermis. 

Beet. Thickenings in the walls of the upper epidermal cells. 

Sov bean. Penetration and reaction in the walls. 

He’ui Possilile [xmetration at the vertical cell walls of the upper epiteim s. 
Mustard. A tvi.ical reaction for the walls of the epidermis o this host. 
Tomato. A tyi.ical reaction of the walls of the epidermal cells. 

Lima bean. Tvpical reactions of this plant to appreswna of C oiranans. 


VUr. 2. 

Fig. 3- 
Fiti. 4. 
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ri |ifa. Minute |M.'iietration peg in a thickened epidermal cell wall. 
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THE MORPHOLOGY OF REGENERATION IN BRYOPHYLLUM 

CALYCINUM 




Ernst Naylor 

(Received for publication July 28, 1931) 

Although a considerable amount of research has been done upon the 
physiology of regeneration in Bryophyllum calycinum Salisb., relatively little 
has been found concerning the histology and morphology of this phenom- 
enon. Very few papers deal directly with the problem, and for the most 
part only casual references to it are made in the literature. Goebel (i) 
states that the shoots which appear at the notches of detached leaves arise 
in quite young leaves, appear at definite places, and belong to the normal 
course of development of the plant. Strasburger (2) says that, although 
meristems arise from the leaf, the development of these “buds” must prop- 
erly be regarded as a part of the normal ontogeny of the plant, since they 
arise in predetermined positions from young tissue. Miss Beals (3) in a 
general histological study of regeneration in plants, reports that the meris- 
teraatic tissue in the leaf notch is derived from the phloem of the vein. Miss 
Howe (4) in a recent publication indicates that the young plants originate 
from meristematic groups of cells which are present in young leaves and 
which are definitely organized into buds in the mature leaf. The following 
paper is the result of an investigation in which the morphology of the notch, 
as well as the early stages in the ontogeny of the leaf, were studied in consid- 
erable detail. 

Methods and Materials 

Mature leaves were selected from rapidly growing plants, and .small 
areas of the leaf tissue including the notches were cut out. These pieces 
were killed and fixed in a i percent solution of chromoace tic acid, carried 
through the customary histological technique, cut ten microns in thickne.ss, 
and mounted serially. Sections of each notch region were made in either a 
horizontal direction, parallel to the leaf surface, or in a vertical direction, 
at right angles to the leaf surface. Vertical sections made at right angles 
to the edge of the leaf are called transverse vertical sections, and tho.se made 
parallel with the margin of the leaf are termed tangential vertical sections. 

For the study of very early stages in the formation of the leaf and the 
leaf notch the terminal buds of young plants were removed, subjected to the 
same technique of killing and fixing as employed for the mature leavc.s, and 
sectioned in the longitudinal and transverse directions. Safranin ' and 
Delafield's haemato.xylin were used as stains. 
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Morphology of the Leaf Notch 
It has been found from this study that the plant which grows from the 
mature leaf notch originates from a preformed structure which has existed 
in a dormant condition since early stages in the formation of the leaf. When \ 

the mature leaf is severed from the plant, this structure resumes activity; 
and entire young plants are soon differentiated. The preformed structure 
present in each notch is composed of a rudimentary stem tip, two root tip 
primordia, two leaf primordia, and a region which the author has named a ; 

foot because of its resemblance to that of the embryo of the fern and of other ? 

plants. This foot extends a short distance into the mother leaf and lies 
in contact with a vein. The presence of recognizable primordia of the es- 
sential organs of the entire plant indicates that a whole embryonic plant 
rather than a ‘"bud,” as indicated by Miss Howe, exists in each notch; 
and the word ‘‘embryo” is used for this body throughout the description 
which follows. The general external appearance of this embryo is illus- 



Text Fig. i . Diagrammatic drawing showing the external appearance of the entire embryo 
removed from the notch. Side view. X 100. 

Text Fig. 2. Diagrammatic drawing of the notch of the leaf cut in a median transverse 
vertical plane showing the orientation of the embryo. X $ 0 , 


trated by text figure i, which shows diagrammatically the two rudimentary 
leaves above, the two root primordia below, and the foot region to the right. 
The stem tip is located between the two leaves and is not visible in the sketch. 

In the leaf notch is an indentation or fold parallel to the leaf surface and 
about halfway between the upper and lower surfaces. The two leaf pri- 
mordia project slightly from the lower side of this cavity, and the remainder 
of the embryo is embedded within the tissues of the mother leaf. Text 
figure 2 illustrates the general orientation of the embryo when the notch is 
cut in the transverse vertical plane. The two root tip primordia are found 
almost directly below the leaf primordia, and in many instances the lower 
side of the leaf bulges out slightly around one of the root tips and becomes 
cfuite evident as soon as further development is resumed. The foot region 
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lies between the root and stem primordia and extends away from the notch 
and toward the interior of the leaf. It always terminates at a vein which is 
paiallel to the margin of the leaf and which is joined on either side of the 
notch by veins extending from the interior of the leaf. 

The detailed structure of the notch region and the relations of one part 
of it to another are best understood from a transverse vertical section be- 
cause of the vertical orientation of the various parts. Text figure 3 illus- 



Text Fig. 3. Transverse vertical section of the dormant notch passing through the 
center of the embryo. The two leaf primordia shown above, one of the root tips below and 
the vein to the right. ’ 

trates such a section. The most prominent structures are the primordia of 
the first two leaves. They bulge out slightly into the notch, and the pri- 
mordium of the one leaf standing furthest out in the notch is always some- 
what larger than the other which is nearest the mother leaf. Miss Howe 
remarks that one but seldom finds this protuberance slightly lobed. The 
cells of these primordia are small and stain more deeply than any other cells 
of the notch region except those of the root tip primordia. A rather dis- 
tinct epidermal layer is formed early in the young leaves and is continuous 
with the epidermis of the mother leaf. The shaded cells scattered about 
through the figure are tannin- bearing cells, which are quite numerous near 
the epidermal layers and along the veins. 
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The stem tip primordiiim is not well illustrated because the section is not 
a perfectly median one. A short flattened region which represents the stem 
tip lies between the two leaf primordia. This stem tip is similar to that of 
the terminal bud of a mature plant which always remains covered with 
rudimentary leaves. 

In general, two root tip primordia can be found opposite the leaf pri- 
mordia and not far from the lower epidermis of the mother leaf. Since they 
do not lie in the same plane as the leaf primordia, only one root tip is visible 
in a transverse vertical section. In some embryos both primordia are very 
evident, whereas in others only one can be clearly demonstrated. The de- 
tailed structure of the notch appears to vary somewhat in individual leaves 
and no doubt in the notches of the same leaf. Neither of the root tip pri- 
mordia extends straight downward, but they incline slightly away from the 
center of the leaf. Text figure 4 shows a median section of the root tip re- 



TiiXi fa;. 4. Transverse vertical section of the notch passing thi'ough one of the root 
primordia. Not median for the leaf primordia. 

gimi ('ut in a trans\'crse vertical plane. It can be seen that the roots do not 
ha\-e tlieir origin in ‘‘certain phloem cells,’' as stated by Miss Beals, or even 
from cells near the vein, as indicated by Miss Howe. They originate from 
small gnmps of cells on the lower side of the embryo and quite as far removed 
from tlie vein as are the leaves. Unfortunately the vein does not show in 
figure 4 but can be seen in figure 3, and the section is not median for the 
leaf fn'imonliu. 
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The small cells of the notch extend inward a short distance to a vascular 
bundle as shown in text figure 3. This bundle is a very constant structure 
and always marks the inward limits of the thin-walled cells. The xylem of 
the bundle consists mostly of reticulate tracheids, and the phloem is made up 
of ^ elongated thin-walled cells which are very small in cross section. The 
orientation of the xylem and phloem here differs somewhat from that found 
in the bundles between the notches or elsewhere in the leaf. Usually the 
xylem is found directly above the phloem or toward the upper side of the 
leaf, but here it is found slightly to one side and always toward the notch. 



Text Fig. 5. Tangential vertical section through the dormant notch showing the two root 
tip primordia and one leaf primordium. 

All the cells making up the embryo are sharply distinguished from the 
othei cells of the leaf by their structure, contents, and staining capacity. 
The boundary of the embryo is fairly sharp and smooth. It extends from 
the two leaf primordia downward to within several layers of cells of the lower 
epidermis of the mother leaf and toward the interior a short distance to the 
vascular bundle already mentioned. Beyond these boundaries the ordi- 
nary large cells of the mesophyll are to be found. 

Text figure 5 shows the dormant notch cut in the tangential vertical 
plane. In this plane only one of the leaf primordia can be seen bulging up 
into the notch. The embryo region becomes broader toward the lower side 
of the leaf and includes the two root tip primordia. The vascular bundle, 
which was visible in previously described sections, does not show here be- 
cause the section is made too near the margin of the leaf to include part of 
this structure. 

Text figure 6 represents a section similar to the preceding one, but made 
on the second day after the mother leaf was detached from the plant. Cell 
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division is evident in the regions of the root tips which are now pushing 
through the lower epidermis of the leaf. The root at the left appears slightly 
more advanced than does the one at the right, and from hundreds of sections 
studied it appears to be generally true that one root emerges a short time 
before the other. Neither of the root tips is cut in a median longitudinal 



Text Fig. 6. Tangential vertical section through the notch on the second day after the 
leaf was removed from the plant, showing both root tips about to emerge. 

direction because of the slight angle at which they emerge. The roots push 
their way out through the cells on the lower side of the leaf in a manner 
similar to that in which .secondary roots emerge through the cortex cells of 
the primary root. A narrow space not occupied by cells immediately in 
front of each root is commonly found in all sections. This is probably pro- 
duced by shrinkage during the killing and fixing processes. There is an 
evident increase in thickness of the mother leaf at the notch region caused 
by the growth of the embryo before the roots and leaves make their external 
appearance. 

Origin of the Leaf Notch and Embryo 
The investigation concerning the ontogeny of the leaf as a whole has 
shown that the notches are formed in the very early stages of development 
when the entire leaf is only a few millimeters in length. It has also shown 
that the embryo found in the notch of the mature leaf has its origin in a 
small group of cells along the margin of the embryonic leaf. 
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Sections through the terminal bud region demonstrate that the leaves 
have their origin as lateral projections of the embryonic stem tip. The 
initiating cells of the leaves have not been accurately determined, but ap- 
parently more than a single outer layer of cells is involved in the formation 
of this meristematic protuberance. 

The notches along the margin of the leaf become evident at about the 



Text Fig. 7 (left). Horizontal section of the margin of the young leaf when only two or 

Text FifsTrS f 

I E.XT h IG. 8 (right). Tangential vertical section of the very early notch. 


time when the eaf is first noticeable to the naked eye or when it is between 
five and SIX millimeters in length. At this time the whole leaf is still embry- 
onic, and both cell division and cell enlargement are taking place simulta- 
neously. However, cell enlargement occurs more quickly in some parts of 
e margin than in others and causes these regions to bulge. The spaces 

iTT 5 ““^ indentations or notches and are occupied by 

cells which are s 111 dividing but are not increasing appreciably in si J. This 
observation is illustrated in text figure 7. The protuberances become more 





y ueii;;. Iransverse vertica 


Text Fig. io (right). 




— v/A vcty 

imately four miliimeters in length 

n- • • . ^ iiotches and finally become surrounded by mature cells 

Division continues for some time among these cells with 1 

cell siyp Tinf-a 1 tiiese cells, witn little increase in 

c Jsi and tbi, apparently 

and tb» reg.on becomes dormant in the mature leaf. Groups of cells 
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behaving in this manner along the entire margin of the young leaf form the 
series of notches. 

Text figure 7 shows one of the earliest stages in the formation of the notch 
in a section parallel to the flat surface of the leaf. The general enlargement 
of the cells on both sides of the notch is apparent, especially in the epidermal 
cells. A similar situation is seen in text figure 8 in a section made in a 
tangential vertical plane. Text figure 9 illustrates the structure of the very 
early notch when cut in the transverse vertical direction. Text figure 10 is 



Text Fig. ii (left). Transverse vertical section through the notch of a leaf slightly older 
than shown in figure 9. Leaf six to eight millimeters long. 

Text Fig. I2'(right). Transverse vertical section of the margin of the leaf made between 
the notches. Age the same as in figure ii. 


made in the same plane and through the margin of the same leaf as is figure 
9, but located between the notches. The same regions described in the two 
previous figures are seen again in text figures ii and 12 in a slightly older 



Text Fig. 13. Transverse vertical section of a considerably older notch. Leaf about one 

centimeter long. 

leaf between six and eight millimeters in length. The cells occupying the 
notch are now noticeable because of their size and contents. The ventral ^ 


^ The terms ventral and dorsal are used in the customary sense: the ventral side is the 
side next to the axis and the dorsal side that away from the axis. 
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side of the leaf is beginning to bulge out into the notch because of the more 
rapid increase in the size of the cells of this region. The vein has not yet 
differentiated. 

Text figure 13 is a transverse vertical section through a notch of a leaf 
about one centimeter in length. The notch region now begins to resemble 
that of the mature leaf. A group of very small cells which is not yet organ- 
ized as a recopizable primordium, is evident in the notch. The vein has 
been differentiated and shows the normal orientation of xylem and phloem. 
Later the vein becomes twisted so that the xylem is inclined toward the 
notch as shown in text figure 3- This is caused by the continued increase in 
the size of the cells toward the ventral side of the leaf without a corresponding 
increase in the total volume occupied by the embryonic cells in the notch. 

From these observations it seems clear that the embryos present in the 
notches of the Bryophyllum leaf originate from small groups of cells along 
the margin when all cells are embryonic and are first evident when the leaf 
is only a few millimeters in length. These embryonic cells in the notches 
divide, form the root, stem, and leaf primordia of the young plant, and later 
become isolated by the maturation of the other cells of the leaf. When the 
whole leaf reaches maturity, cell division ceases in these regions and the 
embryos become dormant. When the leaf is detached from the plant, con- 
ditions are again made favorable for further activity; and the young plants 
make their appearance within a few days. The exact stage of development 
at which cell division ceases in these various primordia has not been accu- 
rately determined. 

Summary 

1. The primordia of entire new plants are already present in the notches 
of the mature Bryophyllum leaf. 

2. The new plants originate from cells along the margin of the mother 
leaf when the latter is still in an embryonic condition. 

3. There is no evidence that any part of the new plant originates from 
phloem cells of the vein of the mother leaf. 

_ The writer wishes to acknowledge helpful suggestions from Dr. H. W 
Rickett during the progress of this investigation. Thanks are also due the 
Missouri Botanical Garden for the original Bryophyllum leaves. 

Department of Botany, 

University of Missouri, 

Columbia, Missouri 
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STUDIES IN THE CHYTRIDIALES VIL THE ORGANIZATION 
OF THE CHYTRID THALLUS 


John S. Karling 

(Received for publication May 8, 1931) 

In previous studies (1930, 1931) I have discussed in general the structural 
differences in the thalli of the various chytrids which have come under my 
observation. These differences are quite definite and striking in many re- 
spects, and merit particular attention. It is, of course, premature and im- 
possible in the present state of our knowledge of the chytrids to say how 
significant these characteristic differences will prove in phylogenetic studies ; 
but, since the lack of conclusive evidence of sexuality and the simplicity of 
organization in this group have made it necessary to base classification pri- 
marily on the complexity of the vegetative thallus, it is worth while to focus 
attention on these matters of structural differentiation. The present analy- 
sis, except for the forms which I have studied, is based entirely on the data 
found in the literature at the present time. The majority of chytrid species 
are little or imperfectly known, and their relationships are in most cases 
obscure. The group as a whole has come to be a sort of dumping ground for 
relatively simple and more or less unicellular fungus parasites and sapro- 
phytes which do not appear to belong to any natural phylogenetic group. 
Hence, subsequent discoveries, the elimination of doubtful species, and the 
addition of new ones may prove this analysis altogether inadequate, but for 
the time being it will serve to direct particular attention to types of organ- 
ization which are characteristic in certain groups as they are known today. 

This treatment or discussion of thallus organization is not primarily 
concerned with the evolution and phylogeny of the chytrids, and I shall ac- 
cordingly avoid as much as possible the use of the term ‘‘morphology” in 
dealing with structural similarities and differences of species within a group 
or family or with the separate groups themselves. Since the time of Darwin 
and the origin of the doctrine of organic evolution morphology has meant 
not the study of the form and structure of organisms alone, but of this form 
as it has come about by descent, genetic relationship, or evolution, an im- 
plication which many authors and text-books have ignored. It is at once 
obvious to students of the chytrids that the evidence for the origin of the 
more complex forms from the simple types like members of the Olpidiaceae 
and Synchytriaceae is by no means conclusive; and in cases like the parasitic 
slime moulds and so-called Myxochytridineae, where structure and ontogeny 
are strikingly alike, this similarity may not necessarily mean genetic relation- 
ship but merely parallelism in development. Thus, to speak of the morphol- 
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ogy of the chytrids as a whole or of individual groups would be assuming in a 
certain sense a phylogenetic relationship for which we have no adequate 
evidence at the present time. The term “anatomy” is free from any impli- 
cation of genetic relationship, and I shall use it wherever possible in con- 
trasting the differentiations of the chytrid thallus. 

The organization of the chytrid thallus is expressed in structural differ- 
entiations which are not clearly recognized by all authors. It is thus essen- 
tial for the sake of clarity to indicate at the outset the sense in which many 
of the morphological terms in general use for these differentiations will be 
employed in this paper. I shall regard the thallus as constituting the entire 
fungus or algal plant which may become directly and physiologically trans- 
formed into a reproductive structure, or differentiated anatomically into 
fertile and vegetative portions at maturity. In this sense sporangia, resting 
spores, rhizoids, haustoria, etc. are as much a part of the thallus as the 
remaining less differentiated portions. Rhizoids, haustoria, holdfasts and 
appressoria are specialized parts of the thallus which have become struc- 
turally adapted to perform specific functions. It is evident from the liter- 
ature, however, that there is little agreement as to the e.xact differences 
between them. 

Although haustoria and appressoria had been seen and imperfectly de- 
scribed by Zanardini (1853), Von Mohl (1852, 1853) and others, DeBary 
(1870) was the first to devote intensive study to these structures. He ap- 
plied the term haustoria to the structures as a whole, but failed to differenti- 
ate between the exterior anchoring and the real intra-cellular food- absorbing 
organs. Ten years later (1880) Frank gave the name appressoria to Von 
Mohl s Haftorgane and retained the term haustoria for the organs of absorp- 
tion. Thus, very early appressoria were designated as non-penetrating 
anchoring oigans. Smith (1900) has shown that in species of PhyUactinia 
on Xanthoxylum americanum where intercellular hyphae are abundant, 
appressoria are developed within the host tissue, but it is obvious from his 
figures that they are not intracellular. Frank’s characterization of appres- 
soria as non-penetrating organs for attachment must thus be extended to 
include the anchoring discs or sucker-like structures on intercellular hyphae. 

As to the term rhizoid, it is used in the literature very loosely, in a general 
sense, for most filamentous and root-like structures of the fungus and algal 
thallus. In algae such as Stigeoclonium, Penecilhis, Caulerpa, etc., filamen- 
tous but rather coarsely branched extensions occur at the base and at various 
laterals on the thallus which are anatomically very similar in many respects 
to the rhizoids of fungi and are described as such in the literature by Reinke, 
B^rgesen, Svedelius, Woronin, Oltmanns and others. It is to be noted, 
however that in the majority of algae possessing them these extensions are 
usually flattened, disc-shaped, bluntly lobed, or coarsely branched and bear 
httle resemblance to a filamentous, thread-like, and finely divided rhizoidal 
system. Furthermore, in such autotrophic algae it is clear that they play 
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no important r61e in food absorption, and their function is primarily an- 
chorage. 

In the partially and completely extramatrical parasitic chytrids such as 
Rhizidiomyces apophysatus, Rhizidium carpophilum, PhlycMdium, Phlyctochy- 
trium, Polyphagus Euglenae^ Sporophlyctis^ etc. the feeding organs are fil- 
amentous and finely branched, and taper to marked fineness at their extremi- 
ties, and with the exception of size and extent of distribution are anatom- 
ically similar to the rhizoids of the more saprophytic forms like Entophlyctis 
and Diplophlychs. Similarly in many saprophytic higher fungi, Rhizopus 
mgricanSj Mucor Mucedo, Araiospora pulchra, Rhipidium americanum, 
Blastodadia Pringsheimii, etc., filamentous, root-like, branched structures 
are present which are almost universally described as rhizoids. 

It is obvious from this that the term rhizoid has a wide application in the 
literature on thallophytes and has been extended to: (i) food absorbing 
organs in saprophytes, (2) food absorbing organs in parasitic chytrids, and 
(3) holdfasts or anchoring organs in certain algae. 

As to the distinction between rhizoids and haustoria, the general tend- 
ency at present is to differentiate them as the feeding organs of saprophytes 
and parasites, respectively. This tendency is based to a large extent on the 
supposed differences in physiological relationship between host and pathogen 
and not primarily on sharp and well defined anatomical or structural differ- 
ences, although as will become evident shortly such differences do exist. 
The body of a rhizidiaceous chytrid and the mycelium of a higher fungus 
are in general strikingly different in shape and extent of distribution. The 
chytrid body is usually spherical, oval, or somewhat broadly cylindrical and 
quite compact, \chile the mycelium is filamentous, diffuse, branched, and as a 
consecjiieiu'e widely extended in surface. Correlated to a certain extent 
witli this body difference is another difference in the type of feeding organ. 
In the globular chytrids of the higher Rhizidiaceae like Diplophlyctis and 
I^olyplnigiis, tor instance, the food absorbing structures are filamentous, 
finely brancffied and widely extended and make up a well developed rhizoidal 
^ s\'stem. In the filamentous parasitic fungi such as the Uredineae, Erysi- 

phaccav, and }licrothy}d(iceae, on the other hand, where the thallus body or 
m\'('elium itself extends over a wide surface the feeding organs at one particu- 
lar point or region are correspondingly reduced in extent of distribution and 
complexity of structures. In these forms the feeding organs or haustoria 
are iiredominanth’ sac- and ciub-like, but may become bluntly lobed, spiral, 
digitate and coralloid as Arnaud (1918) has classified them. It is obvious, 
however, from the drawings of Smith (1900), Arnaud (1918), Rice (1927) 
and others that even in these cases the haustoria bear little or no resem- 
blaiHH‘ to the delicate thread-like extensions of the massive globular and 
o\ oid t'lu'trid body. Anatomically or structurally^ then, there are in general 
c'enain differences l)et\\'een rhizoids and haustoria which in many cases go 
hand in hand with body type. 
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On the basis of host-parasite relationship there is clear evidence in the 
literature of a marked difference between these structures in many cases. 
In parasitic fungi like the powdery mildews and rusts noted above where 
sac-like, branched, and lobed haustoria are formed, parasitism is more or 
less of a symbiotic type; the parasite derives its food from the host cells 
without causing immediate fatal injury. There is no doubt that the fungus 
grows at the expense of the host, but with a regulated or '‘controlled mutual- 
ism.” It is evident in many cases that the haustoria do not always come 
into direct contact with the host protoplasm or kill it prior to absorption. 
Smith (1900), Colley (1918) and others have shown that in many mildinvs 
and rusts the haustoria are separated from the host protoplasm l)y a definite 
delimiting sheath, so that the host cytoplasm makes contact only with Lite 
sheath membrane. Smith regards this membrane as possessing the same 
semi-permeable and osmotic properties as the plasma membrane of the cell, 
indicating perhaps an “extreme specialization in food preferences” by the 
fungus. In other cases (Allen, 1923; Rice, 1927) the haustoria invaginate 
the plasma membrane and cytoplasm of the host cell and thus often form 
so-called digestion cavities into which enzyms of the fungus supposedly pass. 

As a consequence of this high degree of parasitic vSpecializatif)n and more 
or less balanced relationship between pathogen and host, infected cells witli 
haustoria may have a healthy appearance with plastids, cytoplasm, and 
nuclei which for a time appear quite normal. 

On the other hand, fungus parasites whowse highly branched and exten- 
sive mycelium and rhizoids are frequently intra-cellular generally kill or 
injure the host tissue in advance and then feed on the dying and dead pro- 
toplasm. Pythium, Phytophthora, and Sderoiinia are notable and familiar 
examples of such relationship. In this same category, doubtless, belong t Ite 
partially and completely extramatrical parasitic chytrids such as Rhizidia- 
myces, Rhizidium, Polyphagus, Nowakowskia, Sporophlyctis, Rhizophlyftis, 
and others. While the host-parasite relationship in these forms has by no 
means been as intensively studied as in fungi with haustoria, it is quite 
clear in Polyphagus Euglenae as well as in Zodphagus insulduis and Sommvrs- 
torfia spinosa of the Saprolegniaceae, at least, the rhizoids paralyze at om'i‘ 
and kill the host cells in the same general manner as the nematot^ysts or 
stinging cells of Hydra, and then gradually absorb their contents. 

In view of the structural as well as the physiological differences which 
have been briefly enumerated, I shall use the term rhizoid for aiu’ rootdiki*, 
filamentous, finely branched and tapering extensions of the thallus which 
serve as feeding organs in saprophytes and certain parasites, d'he term 
haustoria will be limited to intracellular, sac- and club-like, bliinth' lobed, 
coarsely branched or coralloid feeding organs of parasites whi(‘h do iu)t 
immediately injure or kill the host cell but live in a somewliat Ijalaruvd rela- 
tionship with it. Under the term holdfasts 1 shall include all llatten(*d ami 
disc-shaped, bluntly lobed, or branched and even coarsely lilamentfuis 
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thallus extensions whose primary function is anchorage or attachment. 

Appressoria are thus included in this class as superficial or intercellular non- 
. penetrating holdfasts. In this same category are placed the hyphopodia, 

stigmatopodia, and stommatopodia of Balladyna^ Meliola, and Paradiopsis 
described by (daillard (1892), Bucholtz (1897), and Arnaud (1918, 1921). 

On the basis of thallus differentiation the chytrids fall into two fairly 
j sharply delimited groups. In one group the thallus is naked at first and 

wholly undifferentiated, while in the second it is differentiated into fertile 
and vegetative portions in the form of zoosporangia, resting spores, rhizoids, 
and what I have called rhizomycelium. The first division includes the 
( )l|)idiaceae, Woroninaceae, and Synchytriaceae to which Gobi (1884) and 
Idsdier ( f<S92) applied the name Myxochytridineae; and in the second are 
])la(ed the Rhizidiaceae, Cladochytriaceae, and the doubtful Hyphochytri- 
a(ea(.* and ( )< icliytriaceae. There is a tendency on the part of several present- 
day myc'ologists, Gaumann (1926), Gaumann and Dodge (1928), and 
zf)alrick i 1 930) , to include the parasitic slime moulds, Plasmodiophorales, 
in the former group also. Gaumann uses the name Archimycetes for this 
group as a whole, separates it entirely from the Chytridiales, and places it 
on an ecjual basis with the Phycomycetes, Ascomycetes, and Basidiomycetes. 

41 k* term Anlnmycetes was originally proposed by Fischer for all of the 
('Inn rids as the first division of the Phycomycetes. Gaumann’s first class of 
fungi is accordingly limited to Fischer’s Myxochytridineae and the Plasmo- 
diophorales. Fitzpatrick similarly includes the parasitic slime moulds with 
the chytrids, while Gwynne-Vaughan and Barnes (1927), on the other hand, 

^ exclude them and use the name Archimycetes for the combined Chytridiales, ; 

Anc’vlistales, and Protomycetales. The grounds for these differences of 
judgment an* not \’ery <‘lear. Gaumann believes that the primitive and 
naked vegetative thallus, the lack of differentiation into fertile and non- 
fertile yiortions. and the dose relation of this group to the Flagellata and 
Myxomvi'etes delimit it sharply from the remaining fungi. Gwynne- 
\'aughan and Barnes consider the lack of a mycelium or the presence of a 
I rudimentary one evidence for including in the Achimycetes the most 

primiiivt* fungi. 

Rhizidiaceae 

11h.‘ thallus of this family consists of a cylindrical, oval or globular por- 
tion wliich is sliorth' transformed into a zoosporangium or resting spore, and 
a simple or liiglily deveIo|)ed and branched system of disc- and plate-shaped, 
tubular and root-like extensions. These may be reduced to mere holdfasts 
and sim|,>le haiisioria in some species, while in others they are filamentous, 
highly branched, and wideh' extended and constitute an extensive rhizoidal 
systtun. With the \1ew of presenting the structure and organization of the 
thalli in the Rhizidia('eae more concretely I have copied in text-figures i to 
21 the drawings of some representative species as they have been given by 
I various authors. 
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In text figures i to 13 are shown the thalli of Harpochytrium, Phlyctidium, 
Chytridium, RMzidium, and Khizophlyctis as they have been figured by 
Atkinson (1903, 1909), Braun (1855), Zopf (1885) and Petersen (1910). 
These figures show that the structural modifications at the base of the thal- 
lus vary widely as to size, shape, and extent of distribution. It is thus obvious 
that the thallus of these so-called simple members of the Rhizidiaceae shows 



Text Figs. 1-13. Harpochytrium, Phlyctidhm, Chytridium, RbizUium, and Rhizn- 
phlyctis. Figs. 1-4, zoospores, young and mature thalli of Harpochytrium Hedenii after 
Dangeard (1903) and Atkinson (1903). Figs. 5 and 6, mat ure zoiisporangium and ewapiug 
zoospores of Phlyctidium brevipes, after Atkinson (1909). Fig. 7, mature zoiisporangium 
and zoospore of Chytridium Olla, after Braun (1855). Figs. 8-1 i, zoospores, jTning and 
mature thalh of Rhizophidhm globosum, after Atkinson (1909). Fig. 12, zoospores, young 
and mature sporangia of Rhizidium carpophilum, after Zopf (188,^). Fig. 13, thallus of 
Rhizophlyctis, after Petersen (1910). ' * * 

some differentiation, however it is to be interpreted. In llarpochvlrium, a 
somewhat doubtful chytrid which Gobi (1899) placed among the Flagellates 
and Wille (1900) regarded as a reduced saprophytic alga, the thallus, ac- 
cording to the drawings of Gobi and Atkinson (1903), is attached to cells 
of various members of the Desmidiaceae by a flattened disc which does not 
penetrate into the lumen of the cell but is confined to the layers of the cel! 
wall.^ Dangeard (1903), on the other hand, figures the disc inside of the cell 
and m direct contact with the protoplasm, and together with Lagerheim 
regards Harpochytrium as an active parasite which kills the host cell Gol n 
and Atkinson question its parasitic nature. They have found the organism 
in great numbers on healthy cells, and in no case has the host cell been killed 
by It. Until further positive evidence is brought to light as to its parasitic- 
nature, I shall regard the flattened disc-like organ at the base of the thallus 
as a holdfast structurally adapted for attachment and not primarily for food 
absorption, f itzpatrick, however, speaks of it as an attenuated myc-elium 
which has been flattened at its tip to form a small disc which is either ap- 
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plied to or developed in the host wall.” This is perhaps too liberal an inter- 
pretation of the word mycelium and robs it of much of its significance. In 
Phlyctidium brevipes Atk. (von Minden 1911-1915), text figures 5 and 6, 
this basal structure seems to be somewhat further developed, projects as a 
blunt peg into the lumen of the cell, and undoubtedly comes into direct as- 
sociation with the host protoplasm. Atkinson speaks of this structure al- 
ternately as a rhizoid and a penetration tube which serves both as a food 
absorbing organ and for attachment. In another species, P. sphaerocarpum, 
the peg is more pointed and appears almost filamentous and often penetrates 
as far as the center of the host cell. According to the descriptions and fig- 
ures of Zopf and Atkinson (1909) there is no doubt as to the parasitic nature 
of this species and its lethal effect on the host. Atkinson claims that the 
initial effect is hypertrophic, an increase in length and size of the host cell, 
Mougeoha, and the size of the chromatophore. Following this the chromato- 
phore and remainder of the protoplasm begin to degenerate and disintegrate 
and flow gradually towards the region where the chytrid is attached. Zopf, 
however, did not observe and figure hypertrophy and described only a grad- 
ual killing and degeneration of the host protoplasm. 

These two species of Phlyctidium thus show considerable variation in the 
size and shape of the structure at the base of the thallus and its effect on the 
host, according to the drawings and figures of Atkinson. From the anatom- 
ical as well as the physiological aspects the peg in P. brevipes is more like 
a simple, blunt haustorium which doubtless also functions as an organ for 
attachment; while in P. sphaerocarpum, where the effect on the host has 
been better figured and described, it shows perhaps a more rhizoid-like habit, 
although still unbranched. 

In Chytridiuni Olla, text figure 7, the host and parasite relationship is not 
very well known. Braun believed it derived its nourishment from the organ- 
ism, Oedogonium, which it parasitizes, but it does not kill the host cell or 
injure it to any marked degree, according to his figures and descriptions. 
If Braun’s observations are correct, the relation between host and parasite 
IS similar to that in the rusts and mildews described above where the im- 
mediate injury seems to be reduced to a minimum. In that case the organ 
at the base of the thallus may perhaps be regarded more as a haustorium. 
Anatomically it consists of a broad tube which extends for a considerable dis- 
tance into the host cell. 

The species so far considered have been almost wholly extramatrical 
except for the small disc- and peg-like thallus extension into the host cell. 
It is at once obvious, then, that there are varying degrees of extramatricality. 
It may vary in different genera and species from almost entirety to the 
condition where the thallus is wholly intramatrical. There appears to be 
little or no correlation between degree of extramatricality and parasitism. 
Completely extramatrical species like Polyphagus Euglenae may be highly 
parasitic and pathogenic or, as in Harpochytrium, saprophytic or at most 
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weakly parasitic. Similarly Entophlyctis and Diplophlyctis are completely 
mtramatrical and largely saprophytic, while Physoderma and Urophlyctis 
are parasitic. 

We may now consider some partially extramatrical species in which there 
is little doubt as to the presence of well defined, rather delicate, and more or 
less finely branched rhizoids. Rhizophidium globosum, Rhizidium ccirpo- 
philum, PUyctochytrium guadricorne, and Rhizidiomyces apophysatus, te.xt 
figures 17 to 21 (Atkinson, Zopf, and Busgen) may be taken as representative 



after\^o4kowsK Polyphagia: Eugknae, 

examples. In the first species, according to Atkinson’s (1909) figures, the 
rhizoidal portion of the thallus is rather limited in size and extent of distri- 
bution in comparison with the zoosporangium. It appears to consist of a 
central axis from which grow out numerous fine branches which taper to a 
fine point. Atkinson figures the rhizoids in contact with the host protoplasm 
but says nothing of the parasitic nature of this species. Braun, however, 
describes it as injuring and killing filaments of Oedogonimn, and it is perhaps 
probable that the rhizoid kills the host protoplasm before absorbing it. It 
must be borne in mind, however, that many of these chytrid species are minute 
lelative to the size of the host cell, and in filaments which are parasitized the 
injury caused by a single thallus, although perhaps locally lethal, may not be 
sufficient to kill the entire cell or appreciably alter its appearance. 

^ In Rhizidium carpophilum, parasitic on the oospores of Achlya, the rhi- 
zoidal system is a bit coarser and more extensively distributed. Moreover, 
there is a tendency to develop a subsporangial swelling within the host cel! 
from which the rhizoids appear to originate. This tendency reaches full 
expression in Phlyctochytrium guadricorne and Rhizidiomyces apop/iysalus in 
the formation of the so-called apophysis. The rhizoidal system of these two 
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latter species is more highly developed, branched, and extended, and often 
ramifies in the entire host cell, apparently killing the protoplasm first and ab- 
sorbing it gradually. The whole system is centered on the apophysis and 
appears to have arisen from it, but as Zopf and I have shown, the rhizoids 
develop before the apophysis. Later as it increases in size and reaches 
maturity the rhizoids become centered on it rather than on the base of the 
zoosporangium. 

The formation of the apophysis, it seems to me, is to be regarded as a 
tendency to homoeosis or reduplication. The incipient zoosporangium 
begins as a swelling of the penetration tube almost simultaneously with the 
formation of the rhizoid rudiments. The apophysis develops subsequently 



Text Figs. 17-21. Phlyctochytrium and Rhizidiomyces. Figs. 17-19, zoospores, 
germinating spores, and a mature thallus of Phlyctochytrium guadricorne, partly after Rosen 
(1887). Figs. 20-21, zoospores and young and mature thalli of Rhizidiomyces apophysakis, 
after Zopf (1885). 

as an enlargement of the same structure between the incipient zoospor- 
angiiim and the point of origin of the rhizoids. However, its growth ceases 
shortly, so that in no case so far described does it attain the size of a zoospor- 
angiiim or give rise to zoospores. Nonetheless, it is formed in a similar 
manner from the same anatomical structure of the developing thallus, and its 
formation is thus to be regarded as a tendency to homoeotic development, 
the formation of a like globular structure in this particular case. 

In this res|)ect the apophysis is quite different from the rhizoids whose 
formation is distinctly heterotic. I use the term heterosis here in its more 
general sense as meaning unlike in formation. There is a tendency at 
present, however, to use it in a more restricted sense as synonymous with 
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heterozygosis, the development or formation of a different, unlike constitu- 
tion as a result of gametic union. The term heterozygosis is a very apt and 
appropriate descriptive word for such restricted cases of unlike formation, and 
should, doubtless, be retained in this limited sense. But to substitute it for 
heterosis in general would be excluding many types of unlike formation which 
are in no way zygotic. The formation of holdfasts, haustoria, and rhizoids 
in the chytrid species described above are thus typical cases of heterosis in its 
general sense. In a like manner the development and growth of the pene- 
tration tube is also heterotic. In germination and subsequent penetration 
of the host cell, the oval or globular chytrid zoospore does not form 
a similar spherical structure but a fine, pointed, cylindrical filament which is 
markedly different anatomically in every respect. 

It is to be particularly noted that in all of the extramatrical species so 
far considered the center of gravity of the growth process remains in the 
spore. In germination a filamentous penetration tube is formed which 
develops into a holdfast and haustorium, as in Ilarpochytriiim, Phlyctidiiim, 
and Chytndmm, or a rhizoidal sj^stem as in the other species described ; while 
the zoospore itself, by subsequent growth, enlargement, and differentiation, 
becomes transformed either into a zoosporangium or a resting spore. In 
this same category belong Sporophlyctis (Serbinov, 1907), RhirophlycU'i 
(Borzi, 1885), and Polyphagus Eugknae. The thallus of these genera is 
wholly extramatrical except for the tips of the rhizoids. Moreover, it is 
parasitic and polyphagous, attacking several host cells at one time.’ We 
thus have here another type of extramatricality in which the parasite derives 
Its food from several host cells at the same time through a system of more 
or less radially oriented rhizoids. This tendency towards complete extra- 
matrical development in these genera is accompanied by the loss of the pene- 
tration tube. According to the descriptions of Nowakowski and Borzi the 
zoospores come to rest and send out several filamentous finely pointed rhi- 
zoids which eventually come into contact with and penetrate the host cells. 
As the thallus grows and matures the rhizoids generally branch several times 
OT that an extensive more or less radiating rhizoidal system is established. 
The center of gravity, however, as in the previous genera, remains in the 
enlarged and differentiated zoospore. 

In Polyphagus Euglenae and Sporophlyctis rostrata, it is true the differ- 
entiated zoospore is not directly transformed into a zocisporangium but 
becomes the so-called prosporangium. The zoosporangium forms from 
ns after structure as a thin-membraned oval, elongated or cylindrical 
vesicle which shortly undergoes cleavage into zoospores. However, the 
ormalion of this zoosporangium is not to be regarded, it seems to me, as a 
migration of the center of gravity of growth and differentiation in the same 
sense as it occurs in the following groups. 

zoosporangium from the prosporangium is 
homoeotic. We see another instance of tendency in this direction in the 


Jan., 1932] 


KARLING 


CHYTRID THALLUS 


51 


formation of the round or o'val resting spore. According to Nowakowski, 
Dangeard (1900) and Wager (1913) a portion of the conjugation tube nearest 
the larger of the two fusing thalli enlarges considerably with the union of the 
two protoplasts and finally becomes the rough-walled resting odspore. If 
the descriptions and figures of these authors are correct, sexual differentiation 
in Polyphagus Euglenae is homoeotic. The same is true of Sporophlyctis ros- 
trata where the fusion, according to Serbinow (1907), is between individuals 
directly instead of through a conjugation tube. 

We may next consider the completely intramatrical species of the 
Rhizidiaceae in which the center of gravity is carried away from the zoospore 
to some immediate outgrowth of it. Entophlyctis and Diplophlyctis are 
excellent illustrations. In these genera the germinating zodspore forms a 
; delicate penetration tube which pierces the wall of the host cell and differ- 

entiates almost at once into a rhizoidal and globular portion. The formation 
of the penetration tube and rhizoids is, as noted before, heterotic, while that 
of the globule is homoeotic. This latter part then becomes the center of 
gravity of growth and differentiation, and the zoospore case and penetration 
tube soon disintegrate. Each zoospore thus forms a single center or a mono- 
centric thallus, and in this respect is unlike those of most of the Oomycetes 
^ which germinate into a mycelium or thallus in which are established with 

the coming of asexual and sexual maturity, secondary, tertiary, and quater- 
nary centers in the form of sporangia, antheridia, oogonia, and oospores, 
resulting thus in a polycentric thallus or system. 

In text figures 22 and 23 are shown the thalli of a giant species of Ento- 
phlyctis and Diplophlyctis intestina as I have observed them in cells of 
^ Nitella and Cham. In these forms rhizoid development among chytrids 

reaches a maximum. The rhizoids of the species shown in text figure 23 may 
extend for a distance of 700 /x, and at maturity become very coarse, oliva- 
ceous in color, thick-walled, and bristle-like in appearance. Furthermore, at 
their point of origin on the zoosporangium or resting spore they may be as 
much as 6 jx in diameter, which is considerably greater than that of the 
^ mycelium of many of the higher fungi. Fineness and delicate structure are 

f thus not necessarily the most outstanding characteristics of rhizoids. 

They soon begin to taper, however, and run out to almost invisible fineness 
at their extremities. In other species of Entophlyctis the rhizoids may be 
very fine, delicate, and limited in extent. Rhizoids may arise from a single 
point, generally opposite the position occupied by the zoospore and penetra- 
tion tube, on the surface of the zodsporangium or resting spore, or at several 
f and various places, as is shown in text figure 23, In the former case when 

there is a single rhizoid the thallus is frequently described as monorhizoidal, 
but in the latter as polyrhizoidal. 

In Diplophlyctis intestma the rhizoidal system is equally well developed 
and extended and perhaps more radially symmetrical in its distribution, as 
i is shown in text figure 22. As a result the mature thallus has a superficial 
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Text Fig. 22. Mature thallus of Diplophlyctis intestina, 


Text Fig. 23. Mature resting spore of a giant species of Entophlycth. 
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resemblance to a large fungus spore which has germinated and sent out 
germ tubes in all directions. In large thalli the rhizoids may extend over 
a radius of 400 jx, but they are all, nonetheless, centered on the apophysis I 

at the base of the zoosporangium. 

A general survey of this nature brings out several conspicuous charac- \ 

teristics of the thallus of the Rhizidiaceae. First, that the rhizoids, as far 
as our present knowledge goes, decrease in diameter from the point of origin I 

and run out to fine filaments without any tendency to form new centers of 
groivtk and differentiation. The same tendency is also exhibited by the 
rhizoids on the mycelium of Piptoceplialis on Mucor Mucedo, Rhizopus nigri- I 

cans, Gonapodya, Blastocladia, Araiospora, and Rhipidium; by the fila- 
mentous holdfasts of Stigeocloninm, Penicillus, Caulerpa, and Bryopsis; and 
also by the so-called rhizoids of the moss protonema, thallose liverworts, and 
fern prothalli. This constitutes one of the essential differences between 
rhizoids and the mycelium of the higher fungi, and justifies the distinctions 
which have been made above. Tapering of mycelial filaments is not, of 
course, uncommon at the edges of fungus colonies on culture media, but this 
is generally after the vegetative mycelium has established its anatomical 
indentity as a mature thallus. That tapering of the rhizoids is not an ex- 
pression of thallus maturity in the Rhizidiaceae is shown by the fact that : 

they nearly always run out to unusual fineness at their extremities even in I 

the very early stages. The rhizoidal system is limited to the needs of the 
nutrition and development of a single sporangium; that is, the life cycle is I 

limited to a single zoosporangium or resting spore. ^ 

Mycelial hyphae, on the other hand, soon carry the center of gravity to 
additional points where new centers of both asexual (sporangia, pycnidia, 
ascervuli) and sexual (oogonia, oospores, zygospores) reproductive structures ; 

are formed. Growth and development in these forms thus become periodi- 
cally vegetative and reproductive and thus may be said to show gradients to a 
certain extent. The movement of accumulated foods, at any rate, is not ; 

backwards to the spore. [ 

It is for these reasons that the use of the word mycelium for the rhizoids 
of the Rhizidiaceae by many students seems unfortunate, unless, of course, it 
is employed as a purely anatomical term for all thread-like or filamentous 
structures. The arrangement of species, genera, and families of the Chytri- 
diales by Gaumann, Gwynne-Vaughan and Barnes, Gaumann and Dodge, 
and Fitzpatrick, however, indicates that they regard the term in a morpho- 
logical and phylogenetic sense, and implies that the mycelium of the higher 
fungi has evolved from the more complex type of rhizoids and rhizomycelium 
of the Rhizidiaceae and Cladochytriaceae, and hence that fungi are more or 
less monophyletic in origin. The hypothesis of a monophyletic develop- 
ment of the mycelium of all higher fungi through a continuous evolutionary 
series of rhizoids from the chytrids seems very doubtful in view of the struc- 
tural differences between rhizoids and mycelia described above. The 
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contrasting view that the mycelium is in many respects similar and mor- 
phologically equivalent to the filaments of the algae which have lost their 
chlorophyll, and has originated at several points among the algae, was per- 
haps first suggested by the studies of Pringsheim (1858). It culminated and 
reached final expression in the systems of classification proposed by Cohn 
(1872) and Sachs (1874). Sachs grouped the Chytridiales with the Proto- 
coccoideae, the Oomycetes with the Siphoneae, the Zygomycetes with the 
Conjugatae, and the Ascomycetes and Basidiomycetes with the red algae. 
These and other authors believed that the parasitic and saprophytic mode 
of life had occurred at various points among the algae by the loss of ability 
to form chlorophyll, thus giving rise to various groups of fungi. While 
the evidence for this view is not entirely convincing, it is not confronted 
with as difficult and serious problems as the monophyletic view. 

The second outstanding characteristic brought out by this survey is 
that the thallus is unicellular up to the time of cleavage and definitely cen- 
tralized. Since the center of gravity of the growth and differentiation 
processes is almost at once transformed into reproductive organs, zoospor- 
angia and resting spores, the thallus of these chytrids may in general be 
spoken of as reproductocentric or genocentric in organization. The use of the 
prefix gcfio in this connection may not be in line with the present-day tend- 
ency to associate the term with sexual reproduction, but basically it should 
have a wider and more general application. This conception of genocentric- 
ity implies also that if the reproductive center produces only non-se.xual 
zoospores and resting spores the thallus organization is asexually genocentric, 
while if gametes are formed it is sexually genocentric. 

It is also obvious from this consideration that each zoospore, as noted 
before, produces a single center of growth and differentiation. This ap- 
pears to be a universal characteristic of the Rhizidiaceae, and to my knowl- 
edge only two exceptions have been reported and figured in the literature 
(Fisch 1882, figures ii, 18, and 19; Zopf 1885, Ph 17, lig. 17). Neither of 
these reports has been confirmed in subsequent studies. The thallus in 
this family is accordingly monocentric, and since the single center as has been 
described above shortly becomes a reproductive structure it follows thus 
that the thallus of the Rhizidiaceae at maturity is monogenocentric. 

The thallus of the Rhizidiaceae is not only centralized morphologically 
but also to a great extent in movement of the accumulated food substam:es. 
n the germination of the zoospore and the formation of the rudiments of the 
rhizoidal system and zoosporangium or resting spore, growth and the mcn'e- 
ment of accumulated food material is for a short time centrifugal or awav 
from the spore, but once a center of growth and differentiation ha.s been 
well established the movement is largely centripetal, la Diplophhctis 
mtestma, for instance, and other species whose ontogenetic develo])ment has 
been rather intensely studied, the incipient zoosporangium or resting spo.v 
lemams relatively small until the rhizoids have developed, and then it 


I 
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begins to enlarge quite rapidly. At this stage the movement of the ac- 
cumulated food substances, aside from the small amount that may be used 
up in the further growth of the rhizoids, is undoubtedly backwards to the 
zoosporangium. 



Text Figs. 24-36. Olpidium Viciae and 0 . Brassicae. Figs. 24-28, zoospores of 0 . 
Vichie, and several stages in germination and penetration of the host cell. Fig. 29, a naked 
thalliis ill the host cell. Fig. 30, mature zoosporangium. Figs. 31 and 32, fusion of zoo- 
spores and a binucleated zygote, after Kusano (1912). Figs. 33 ~ 34 > zoospore and stages in 
the development of the zoosporangium of 0 . Brassicae. Figs, 35-36, resting spores, after 
Woronin (1878). 

Myxochytridineae 

This same type of centric organization is also characteristic of the 
Olpidiaceae, Woroninaceae, and Synchytriaceae or the Myxochytridineae 
of Gobi and Fisher. In these families the thallus is not differentiated into 
fertile and vegetative portions, and lies more or less naked in the host cell 
like a plasmodium. In text figures 24 to 50 are shown the thalli of Olpid- 
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ium, Olpidiopsis, and Synchytrium as they have been figured by various 
authors. These forms are good representatives of the Myxochytridineae as 
a whole and may be taken as examples. Without going into a detailed 
description of the individual species, it may be said in general that m all of 
these forms the zoospore penetrates the host cell and grows at its expense as 
a somewhat amoeboid or plasmodium-like body, completely devoid of rhi- 
zoids. At maturity the thallus is transformed wholly into zoosporangia. 



Text Figs. 37-42. Zoospores, germination of a spore, penetration of host cell, young 
and mature thaili in host cells, empty zo5s|.x>rangium, and mature resting spore of Olpidi* 
opsis luxurians, after Bartlett (1912). 

resting spores, or groups of these in the form of sori, as in the Synchytriaceae, 
for instance. Whether or not the evidence of sexuality which Barrett 
(1912), Kusano (1912), Curtis (1921) and others have presented is convinc- 
ing does not alter the situation as to the organization of the thallus. The 
center of gravity of metabolism, growth, and differentiation shortly becomes 
a reproductive structure, and in this respect the thallus is monogenocentric. 
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If the claims for sexuality in this group are confirmed and proven we have 
thus examples of both asexual and sexual monogenocentric thalli. 

Cladochytriaceae 

In the family Cladochytriaceae the thallus is more complex and presents 
a somewhat different type of organization. As I have noted before (1930, 
1931) it is replicated or reduplicated to a certain extent as it spreads in the 
substrate on which it is growing or from one host cell to another and thus 
establishes successively new centers of growth and differentiation. The 
tendency to homoeosis is thus more pronounced. In this respect it is 
similar to the mycelium of the higher fungi, but for the sake of clarity in 
terminology I have designated the thallus as a rhizomycelium. 



I 

\ 





Text Figs. 43-50. Synchytriwn endohioticum. Figs. 43-44, zoospores and stages in 
the penetration of the host cell. Fig. 45, a hypertrophied host cell with the developing 
parasite thallus. Fig. 46, a young sorus undergoing cleavage. Fig. 47, rosette stage. 
Fig. 48, a mature zodsporangium. Figs. 49-50, fusion of zoospores to form the zygote, 
after Curtis (1921). 

As in the case of the previous families there are presented in text figures 
the thalli of various genera and species as they have been figured in the 
literature. The knowledge of this group as a whole is as yet very incom- 
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plete, and there is little agreement as to the limits of the family. Further- 
more, the lines of distinction and relationship between the different genera 
are not clear and sharp, and hence it is impossible to present a natural 
evolutionary series. We may begin with Amoebochytrium (text figs. 51-57) 
since it has been described as a relatively simple member of this group. 
Although the forms to be considered show varying degrees of thallus com- 
plexity, the order in which the following genera and species are presented is 
not to be taken as a natural and phylogenetic one. The thallus of A, 
rhizidioideSy according to Zopf’s (1885) description and figures, is a delicate 
extensively branched rhizoid-like system of filaments, and for this reason was 
at first placed between the Rhizidiaceae and Cladochytriaceae. The ex- 
tremities of this system are very fine like rhizoids, and it possesses additional 
structures which are lacking in the former family — swellings or enlargements 
at various intervals on the rhizomycelium. These either become trans- 



Text Figs. oI-s/. Amoebochytrium fhizidioides. Fig. 51, thallus of Amoehochytrium 
rhzidioides with several enlargements on the rhizomycelium. Figs. 52-54, amoelxjid zoo- 
spores and germination stages. Figs, 55-57, mature zodsporangia, after Zopf (1885). 

formed into zodsporangia (text figs. 55 to 57) or remain only slightly modified 
in structure. Thus at maturity the thallus may have several centers in the 
form of zoosporangia. 

Some of these enlargements may undergo division into two cells, one of 
which becomes the zodsporangium while the other remains unmodified and 
attached like an apophysis (text fig. 55). Others change very little except 
to increase slightly in size and remain continuous with the rhizomycelium. 
They are doubtless comparable to the turbinate organs of Cladochytriuni, 
Physodermay and UrophlyctiSy and in view of the relation of these structures 
to the organization of the thallus I shall deal with them in detail in each 
genus. 

These modifications of the vegetative thallus have long been known and 
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bear a large number of names. Biisgen (1887) noted their relation to the 
resting spores, and claimed that they accumulated food substances which 
were later used in the formation of additional ‘‘hyphae” and resting spores. 
Hence he gave them the name '‘Sammelzellen.” Schroter (1889) regarded 
the individual cells as gametes whose contents fused to form the resting 
spore; and since in the genus Urophlyctis one of the cells remains rather 
small and frequently closely attached to the resting spore Magnus (1897, 
1901, 1902) called them antheridia. They have also been named “corps 
centrales” by Cornu (1883), “ Anhangzellen ” by Fischer (1892), “vesicles 
collectives” by Vuillemin (1897), “turbinate cells” by Jones and Dreschler 
(1920), “collecting cells” by Bartlett (1926), and “turbinate organs” by 



j Text Figs. 58-63. CAadochytriuni tenue. Fig. 58, germination' stages of zoospores of 

I Cladochytrium tenue. Figs. 59 and 60, the rhizomycelium with numerous swellings and 

incipient zodsporangia. Figs. 61 and 62, young and empty zoosporangia. Fig. 63, the 
, rhizomycelium with four 2-celled turbinate organs, after Nowakowski (1877). 

j Karling (1931). In view of the fact that they begin as swellings on the 

‘ rhizomycelium which may or may not divide, are from one- to many-celled, 

I and exhibit great diversity in size and shape, I shall retain the latter name 

; in this paper. A turbinate organ may thus be composed of one or many 

I so-called collecting cells. 

Whether or not the enlargements on the rhizomycelium which Zopf 
described and figured for A, rhizidioides are turbinate organs is obviously 
f open to question and will depend on one’s definition of such structures, 

f Because of the great diversity in form, size, and septation exhibited by tur- 

I binate organs in general I am inclined to regard them as such. It is not at 

I all certain from Zopf’s drawings, however, that food accumulates in them, 

and that they serve as “ Sammelzellen ” in the sense of Biisgen. 

I In Cladochytrium tenue (text figs. 58 to 63) according to Nowakowski 

' ' 6 ' 

I 
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(1878) the thallus is essentially similar with numerous fine rhizoid-like 
branches, swellings, terminal and intercalary zoosporangia. The tuibinate 
organs are more definite than in the preceding genus, and as is shown in 
text figure 63, frequently occur in succession on the rhizomycelium. Text 
figures 58, 59? and 60 show their origin as spindle-shaped swellings which 
doubtless later undergo division. At maturity they are often filled with 
numerous granules and round bodies (text fig. 63). As in A. rhizidioides 
one of the cells frequently enlarges (text figs. 61 and 62) and becomes the 
zoosporangium. To the genus Cladochytrium doubtless belong Zopf’s CL 
polystomum and another species which I have described (1931) 
replicatum from cells of Eriocaulon septangulare, although as noted before 
Fitzpatrick limits the genus to CL tenue. The thalli of CL polystomum and 



Text Figs. 64-71. Nowakowskiella elegans. Fig. 64, the rhizomycelium of Nowakow- 
skiella elegans with numerous swellings and incipient zo 5 sporangia. Figs. 65 and 66, 
zoospores and a germinating spore. Figs. 67-69, stages in the development of intercalary 
and terminal zoospoiangia. Figs. 70 and 71, irregular and empty zoosporangia, after Mat- 
thews (1928). 

CL replicatum are shown in text figures 82 to 89. The former species is 
imperfectly known, but Zopf’s drawings show a rhizomycelium and inter- 
calary and terminal zoosporangia. Similarly, the thallus of Cladochytnuni 
replicatum (text figs. 83-89) consists of a well defined, delicate, more or less 
hyaline, branched rhizomycelium of variable diameter, extending from one 
host cell to another, turbinate organs of various size, and terminal and inter- 
calary zoosporangia. It is often quite profusely distributed in the host 
tissue, but it is difficult to determine whether its profusencvss is the result of 
a single or several zoospore infections. Because of the opacity of the host 
cell and the optical homogeneity of the thallus, it is impossible to trace a 
single infection for a great distance. 

The turbinate organs in this species are very diverse in shape, size, and 
septation (text figs. 84-89). They may be uni- or multicellular, symmetrical 
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or asymmetrical, large or small, isolated in succession on the rhizomycelium 
or occur in conjunction with the zoosporangium. In young stages the cells 
are filled with a more or less hyaline, vacuolated cytoplasm, but when ma- 
ture this is replaced by a coarser more granular and globular material. 
Some of the cells appear quite empty, while others are filled with bodies of 
various .sorts. 

In the genus Nowakowskiella the rhizomycelium becomes very profuse, 
coarse, and mycelium-like, according to Nowakowski (1877), Butler (1907), 
and Matthews (1928). Butler describes and figures the filaments as being 
thick-walled, hyaline, branched, and frequently anastomosing. This genus 
should perhaps be deferred to later discussion as having the climax type of 
thallus, but I am taking it up at this point because the type species, N. 
elegans, was first included by Nowakowski in Cladochytrium. The thallus 



Text Figs. 72-76. Nowakowskiella ramosa. F ig. 72, anastomosing rhizomycelium with 
enlargements and incipient zoosporangia. Figs. stages in the development of the 

resting spores, after E. J. Butler (1907). 

of N. elegans as figured by Nowakowski is shown in text figures 77 and 78. 
The rhizomycelium appears fairly coarse, but runs out to fine points at the 
extremities. It has numerous swellings or enlargements, so that it is quite 
irregular in diameter, particularly in the regions of the branches where large 
junctions are made. The same species was found in 1928 by Miss Matthews 
in America growing on boiled grass stems (text figs. 64-71). As she figures 
it, the rhizomycelium spreads profusely from the point of infection and 
develops numerous intercalary and terminal zoosporangia (text figs. 64, 
67, 68), which begin as slight enlargements. In the case of the terminal 
zoosporangia the portion of the rhizomycelium immediately adjoining swells 
up as an apophysis, while in the intercalary ones it enlarges on both sides so 
that the mature sporangium (text figs. 69 and 71) resembles somewhat the 
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zygospore of RUzopus with its enlarged suspensor cells. Anastomosis of 
the filaments (text fig. 64) also occurs. 

Three additional species, N. endogena, N. ramosa, and A. obsmm, have 
been added to the genus by Constantineanu (1901). E- J- Butler (1907), and 
Sparrow (1931)- The thallus of the second species is shown in text figures 
72 to 76. It is quite coarse, irregular in diameter, richly branched, anas- 
tomosing and essentially similar to that of N. elegans. The terminal and 
intercalary zoosporangia arise in the same fashion. Butler has also shown 
the development of the resting spores (text figs. 73-76) , from marginal or ter- 
minal cells of proliferating “hyphae.” 




Nowakowskiella elegans, after Nowakowski (1877). 

As to the presence of turbinate organs in this genus some doulit has'^al- 
ready been expressed (Karling, 1931). That enlargements or swellings of 
the rhizomycelium which are in no way connected with sporangium forma- 
tion occur is clearly indicated in the various drawings of Nowakowski, Butler, 
and Miss Matthews. They may or may not be delimited from the 
remainder of the thallus by septa. From the drawings presented they 
appear less definite as cells or organs than in Cl. tenue. Butler interprets 
the profuse proliferation of the ''hyphae” in relation to resting spore forma- 
tion as an extreme development of the "Sammelzellen.” In this pr(.>cess 
the contents of the initial cells, according to Butler, go into the formation of 
new ones, which is very suggestive of the manner of secondary and tertiary 
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turbinate cell formation in Urophlyctis. I have vsince examined the thallus of 
the species of N owakowskiella described by Sparrow which he kindly sent me 
for inspection, and I am convinced from this material that turbinate organs 
are present in this genus. The majority of enlargements are continuous 
with the remainder of the rhizomycelium and perhaps less definite, but 
clearly delimited, septate organs are also present. 

We may next turn to a consideration of the thallus of Physoderma. The 
limits of this genus are poorly defined. Magnus (1901), Bartlett (1926), 
Gaumann (1926) and Gaumann and Dodge (1928) characterize it by the pos- 
session of spherical or slightly ellipsoidal resting spores, while von Minden 



Text Figs. 79-89. Cladochytrium polystomum and Cladochytrium replicatum. Figs. 
79 and 80, germinating zoospores and rhizomycelium. Figs. 81 and 82, developing zoo- 
sporangia of CL polystomum, after Zopf (1885). Fig. 83, the rhizomycelium with turbinate 
organs and incipient zoosporangia of Cladochytrhim replicatum. Figs. 84-89, variations in 
the size, shape, septation, and content of the turbinate organs, after Karling (1931). 

and Fitzpatrick limit it to those species which cause only slight discolora- 
tion or malformation of the host tissue. As illustrative examples I have 
chosen Ph. Biitomi, Ph. maculare, and Ph. Zeae Maydis as they have been 
figured by Biisgen (1887), Clinton (1902), and Tisdale (1919). In all of 
these species (text figs. 90-99) the more filamentous portion of the thallus is 
very delicate and evanescent, so that in dried specimens very little but tur- 
binate organs and resting spores are to be found. 

In species of this genus whose complete life history is known two types 
of development and thallus organization are present. This is particularly 
evident of Ph. maculare in which ephemeral or temporary zoosporangia have 
been found in addition to resting spores. 

The formation and development of the ephemeral zoosporangium in 
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this species as described by Clinton is quite different from that of the turbin- 
ate organs, resting spores, and the remainder of the rhizomycelium. 1 he 
zoospore comes to rest on the surface of the Alisma leaf and forms a small 
penetrating tube which enters the host cell. There it develops into a 
rhizoidal system, while the zoospore itself grows, enlarges, and hnally be- 
comes a large folded or lobed zoosporangium. Thus at maturity the entire 
structure looks like the thallus of a partially extramatrica! species of the 
Rhizidiaceae with an internal rhizoidal system and a superficial zoosporan- 
gium. According to Clinton’s description and figures it is in no way con- 
nected with the more filamentous rhizomycelium. Like the thallus of the 



Text Figs. 90-99. Physoderma Butomi, Ph. macularej and Ph. Zcae Muydis, I' a <><> 
and 91, rhizomycelium with turbinate organs, haiistoria, and incipient resting ^po^e,s nf 
Pk Butomi. Figs. 92 and 93, young and mature resting spores, idler Pdiggen fhS.s;;. 
FTg. 94, a germinated zoospore of Pk maculare which has formed a priniar>' and >econdi!J\v 
turbinate organ, and a young resting spore, after Clinton (1902}. hios, and <;G. iht* 
irregular rhizomycelium of Ph. Zeae Maydis with turbinate organs and >’oung resting spores. 
Figs. 97-99, variations in the size, shape, and septation ol the turbinate organs, alter 
Tisdale (1919). 

former family it is accordingly monogenocentric in development and organi- 
zation. If Clinton’s observations are correct the presence of a monogeno- 
centric stage in the life history of Ph. maculare suggests perhaps a <dose 
relationship to the Rhizidiaceae. 

The successive developmental stages of the rhizomycelium, on the other 
hand, are quite similar to those described for Cladochytrium and have bemi 
well figured in a number of species. The germinating ztx'ispore forms al- 
most at once a .swelling or turbinate organ (Biisgen, figs. 5, 6, 7, and 9, VI. 15; 
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Clinton figs. 25-31, PL 3 ; and Tisdale, Pis. 14 and 15) at the end of the pene- 
tration tube, which becomes a primary center for further development. The 
zoospore case and penetration tube in the meantime degenerate and disap- 
pear. From the primary center or turbinate organ grow out filaments, rest- 
ing spores, and other turbinate organs (text fig. 94) which then become 
secondary centers. By homoeotic development the thallus or rhizo- 
mycelium is thus reduplicated in structure and appearance as it spreads 
from one host cell to another or within the same cell, and becomes thereby a 
polycentric system. 

The turbinate organs in this genus are most variable in size, shape, and 
septation, as is shown in these text figures. They may be very irregular in 



Text Figs. 100-106. Urophlyctis Alfalfae, Fig. ioo, a primary multinucleatecl tiir- } 

binate organ. F'lG. loi, a primary muiticelliilar turbinate organ from which have been 
de\TJoped five secondary turbinate organs. Fig. 102, a stage showing the origin of the 
resting spore from a turbinat(‘ organ. Fig. 103, the thickened rhizomycelium and turbinate 
organs. Fk;. 104, a portion of the thallus. Figs. 105 and 106, sections of resting spores, 
after Jones and Dreschler (1920). 

shape and from i- to 4-celled (text figs. 91, 92, and 95). Figures 98 and 99 
show turbinate organs which are strikingly similar to the conidia of phrag- 
mosporous Fungi Imperfecti. The bluntly lobed and coarsely branched 
structures at the apex of the turbinate organs and resting spores of this and 
the following genus are undoubtedly haustoria. They are anatomically 
identical with the haustoria of many of the higher fungi dcvscribed above: 
but their relation to the host protoplasm is practically unknown, since these 
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parasites have received very little attention from the cytological viewpoint 
of parasitism. As contrasted with the turbinate organs and resting spores 
the formation of these haustoria is distinctly heterotic. 

The same type of thallus structure and organization is characteristic of 
the genus UropMyctis also. In fact the thalli of the two genera are so similar 
in most respects that very few authors agree as to which genus a species 
belongs. Urophlyctis Alfalfae and U. Potteri, how^ever, show considerable 
minor structural differentiation from the Physoderma species described 
above; and since they have been studied cytologically by Jones and Dres- 
chler (1920) and Bartlett, I shall use them as illustrations of the genus (text 



Text Figs. 107-115. Urophlyctis Potteri and U. Alfalfae. Fig. 107, a portion of the 
thallus of U. Potteri with a mature resting spore, three turbinate organs, and two in<‘i])it*nt 
resting spores. Figs. 108 and 109, stages in the formation of the resting spore. iT(i. 1 10, 
cross section of a turbinate organ showing the division of the nucleus. Fig. hi, cross sec.- 
tion of a multinucleated turbinate organ. Figs. 112-114, sections of resting si)ores and a 
mature spore, after Bartlett (1926). Fig. 115, stages in nuclear multiidication of the nest- 
ing spore of U. Alfalfae^ after Fron and Lasnier (1920). 

figs. 100-115). Ephemeral or temporary zoosporangia of the type found 
in Ph. maculare have not so far been reported in the literature, and asexual 
monogenocentric thalli are thus unknown. 

In U, Alfalfae the zodspore apparently forms a penetration tube which 
enlarges at its tip into a flagon-shaped cell as in the previous genus (text 
fig. 100). Its nucleus undergoes division several times, as in figure no 
of U. Potteri, and the cell thus becomes multinucleated (text figs. 100 and 
loi). Tangential segments or discs are then cut off from the mother cell, 
so that the turbinate organ becomes multicellular. From most of these 
segments grow out filaments which form secondary turbinate organs at their 
tips, and these in turn form tertiary and quaternary ones, as is shown in 
text figure 103. In this manner by homoeotic development the system is 
replicated almost ad infifiit'um. The central or sporogenous cell of eacli 
turbinate gives rise to a bud which develops into the resting spore (text figs. 
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102, 108, and 109). The turbinate organs are thus the vegetative centers 
for the formation of successive resting spores, haustoria, filaments, and addi- 
tional turbinate organs. 

The filamentous portion of the rhizomycelium of the Cladochytriaceae 
has been described as rather delicate and evanescent in most species, but in 
U. Alfaljae (text fig. 104) it may become extremely coarse and thickened with 
maturity. This is a further indication that fineness or delicate structure 
is not the outstanding characteristic of the rhizomycelium as well as rhizoids. 

The thalli of three more genera remain to be considered. Rhizidiocystis , 
Hyphochytnum, and Catenaria have been considered as doubtful chytrids by 
many students, since they show considerable divergence in structure and 
are also imperfectly known. In text figures 116 to 119 I have attempted 
to reproduce from photographs portions of the thallus of RJdzidiocystis. 
According to Sideris (1928) the rhizomycelium is very abundant in the 
form of delicate filaments with numerous enlargements, kidney-shaped zoo- 
sporangia, and round resting spores. The swellings or enlargements are 
very indefinite in shape as in N. ramosa, but as is shown in text figures 116 
and 1 18, they doubtless serve as vegetative centers and are thus comparable 
to the turbinate organs of the previous genera. However, Sideris’s photo- 
graphs of the thallus as well as his descriptions of sporangium germination 



Text Figs. Rhizidiocystis Ananasi. Figs. ii 6 and 117, the rhizomycelium 

of Rhizidiocystis Anajiasi with incipient kidney-shaped zoosporangia and turbinate organs. 
Fig. 1 18, a single turbinate organ. Fig. 119, formation of the resting spore, after Sideris 
(1929). 

and resting spore formation are not sufficiently clear to warrant a wide 
generalization. 

The thallus of liyphochytrium as figured by Zopf (text figs. 1 20-1 24) is 
very coarse and septate and mycelium-like with numerous intercalary and 
terminal zodsporangia and swellings (text fig. 120) . The latter may perhaps 
be one-celled turbinate organs. As to w^hether or not liyphochytrium be- 
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longs in the Cladochytriceae or the chytrids at all is doubtless open to ques- 
tion, but the organization of its thallus is very similar in many ways to those 
of the other genera described above. 

In superficial appearance the thallus of Catenana is not very similar to 
those of the previous genera, but its ontogenetic development is closely 
parallel, according to Butler and Buckley (1928). In text figures 125 to 13S 
I have shown the thallus of C. Anguillulae as it has been figured by Villot 
(1874), Dangeard (1885), E. J. Butler (1928), Butler and Buckley (1928), 
and Buckley and Clapham (1929). It consists of a dichotomously branched 
rhizomycelium composed of oval and irregular zoosporangia (text figs. 127 
and 128) and numerous finely branched ends. The zoosporangia are set off 
from the remainder of the rhizomycelium by septa and separated from each 
other by narrow isthmuses, so that they occur in more or less close succes- 
sion in the thallus. When growing in infusorial cysts and rotifer eggs the 
thallus is so compactly crowded, however, that it is almost impossible to 
distinguish its different elements. 

In cells of Nitella Dangeard describes and figures germinating zoospores 
(text figs. 125 and 126) with several germ tubes, but in the infection of liver 
fluke ova Butler and Buckley have shown (text figs. 130-133), that as soon 



Text F'igs. 120- 124. Hyphochytrium infestcms. Fig. 120, a portion of tho s(‘platc 
thallus with several incipient zoosporangia. Figs, 121-124, mature intercalary and ter- 
minal zoosporangia, after Zopf (1885). 

as the penetration tube enters the host cell it enlarges at its tip and liecoines 
the primary incipient zoosporangium. From this cell are then developed 
rhizoids and secondary zoosporangia. In this respect the development, of 
the thallus is very similar to Physodenna and Urophlyctis. It. J. 

(.1907), on the other hand, describes (fig. 13) the rhizomycelium as being 
rather filamentous at first throughout the ovum and then enlarging at \'ar- 
ious intervals (fig. 14) to form zoosporangia. It is to be noted, however^ 
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that neither he nor Dangeard figures or describes the initial infection stages. 
It is thus evident that further studies are needed to clarify the successive 
developmental stages of the thallus. Liver fluke ova and infusorial cysts 
are difficult host material for the study of this problem, since the thallus 
becomes so crowded that its various elements can scarcely be differentiated. 
Since the organisms spread readily to Nitella it is perhaps only in such host 
cells that the stages can be correctly observed. As to the presence of defin- 




Text Figs. I25“I34. Catenaria Angtiilhdae. Figs. 125-127, germinating zoospores 
and mature thallus with zoosporangia, after Dangeard (1885). Figs. i28“I29, mature 
thalli, after Villot (1874). Figs. 130-133, stages in the development of the thallus in liver 
fluke ova after Butler and Buckley (1927). Fig. 134, the mature thallus in a liver fluke 
ovum, after E. J. Butler (192S). 

ite turbinate organs in Catenaria the evidence from the literature is not 
very conclusive. Irregularities and swellings on the rhizomycelium apart 
from the zoosporangia have been figured, but that they are the centers of 
thallus replication as in U. Aljalfae, for instance, remains in my opinion to 
be demonstrated from future studies. Butler and Buckley have neverthe- 
less shown that they are closely associated with the formation of zodspor- 
angia and rhizoid-like branches, and in this relation they may perhaps be 
regarded as centers. The exact morphological significance and function of 
turbinate organs in general thus remains somewhat obscure. 
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This concludes the survey of the chytrids which possess a rhizomyceliura. 
Doubtless other less certain genera and species might be included, but suffi- 
cient forms have been considered to emphasize definitely the view which 
was expressed in the beginning; namely, that as the thallus spreads from one 
host cell to another or in the substrate on which it is growing it is replicated 
by the establishment of new and successive centers of growth and differen- 
tiation. The successive centers are almost exact replicas of the primary 
ones, and homoeosis thus reaches full expression. 

The thallus of the Cladochytriaceae is nevertheless as a whole definitely 



after Buckley and Claphani (1929) . 

organized. The center of organization is at first the vegetati\e rhizomy- 
celium as a unit, and for this reason we may speak of the thallus as being 
vegetato- or trophocentric. With the coming of maturity, however, and the 
development of new centers in the form of sporangia and resting spores it 
becomes reproducto- or genocentric. Moreover, since many reproducti\'e 
centers are formed the thallus is at maturity a polygenocentric s}’stein in 
contrast to the mono gem centric thallus of the Rhizidiaceae. 

A trophocentric thallus thus becomes genocentric with maturity. This 
is perhaps better exemplified by the thallus of the higher fungi. The center 
of organization is the mycelial system as a whole during its feeding, growing, 
and vegetative stage. Then as it becomes mature many reproductiwt 
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organs or centers are formed towards which the accumulated food substances 
doubtless move, and growth and differentiation for those particular regions 
are largely localized in developing centers. 

Summary 

r. The rhizoids of the family Rhizidiaceae are in general distinguishable 
from the mycelium of higher fungi by their decreasing in diameter from the 
point of origin and tapering to extreme fineness without any tendency to form 
new centers for the processes of growth, differentiation, and reproduction. 

2. In the Myxochytridineae and Rhizidiaceae the zoospore gives rise to 
a monocentric thallus. The center of gravity of the thallus is almost at 
once or shortly transformed into a reproductive structure, and hence the 
organization of the thallus at maturity may be characterized as being mono- 
reproducto- or mono genocen trie. In cases where the reproductive structure 
forms non-sexual zoospores and I'esting spores the thallus may be distin- 
guished as asexually monogenocentric, while if gametes are produced it is 
sexually monogenocentric. 

3. The thallus of the family Cladochytriaceae is designated as a rhizomy- 
celium to di.stinguish it from the mycelium of the higher fungi and the rhiz- 
oidal system of the Rhizidiaceae. By homoeosis the thallus is replicated as 
it spreads in the host tissue or in the substrate on which it is growing by the 
establishment of successive centers of growth and differentiation. 

4. In Cladochytrium^ to a certain extent, and in Physoderma and Urophlyc- 
tis, the turbinate organs appear to be the centers of reduplication, since from 
them are formed the successive resting spores, secondary and tertiary 
turbinate organs, haustoria, and filaments as the thallus spreads in the host 
tissue. In other genera the turbinate organs appear to be perhaps less 
specialized and definite and consequently their significance less obvious. 

5. During the feeding, growing, and vegetative stage the thallus of the 
Cladochytriaceae may be characterized as vegetato- or trophocentric in 
organization since the center of the system is in the rhizomycelium as a whole. 
At maturity, however, numerous centers of growth and differentiation in the 
form of sporangia and resting spores develop and the thallus becomes a poly- 
genocentric system. This type and change of organization with maturity 
is also characteristic of the thallus or mycelium of the higher fungi. 

Department of Botany. 

■ Columbia University 
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INVESTIGATIONS ON THE MORPHOLOGY AND COMPARATIVE 

HISTORY OF DEVELOPMENT OF FOLIAR ORGANS III. 

CATAPHYLL AND FOLIAGE-LEAF ONTOGENY IN 
THE BLACK HICKORY {CARYA BUCKLEYI 
VAR. ARKANSANA) ^ 

Adriance S. Foster 
(Received for publication June 23, 1931) 

Introduction 

In the previous article in this series (Foster, 1931 h), it was concluded 
that the fundamental architecture of the cataphyll in the black hickory is 
that of a simple foliar organ possessing a more or less distinct axial region 
flanked by two lateral, often asymmetrical wings. This conclusion wtis 
based largely, however, upon evidence derived from a study of the compara- 
tive form and venation of the adult cataphyll and, in view’- of my rejection of 
Cook’s (1916, 1923) phylogenetic interpretation of hickory bud scales, shed 
no light upon the real basis for the morphological divergence betw^een scale 
and foliage leaf. With the hope that ontogenetic facts might contribute to 
the solution of this problem, the critical morphogenetic phases in develop- 
ment of the cataphylls and foliage leaf have been studied in detail and the 
results are presented in the present paper. In view of Domin’s (1931 > P- 
237) insistence that “a morphological problem must be solved primarily by 
comparative morphological investigations” it is important to note that at 
least in this specific case, the facts revealed by ontogeny support the con- 
clusions reached upon comparative grounds. It would seem therefore that 
an undue emphasis of either the comparative-morphological or the onto- 
genetic methods of attack on a problem of foliar organization is unjustified 
and that, on the contrary, as Arber (1925, p. 4) points out, all possible lines 
of evidence must be carefully w^eighed before a scientific conclusion can be 
reached. 

Materials and Methods 

As I have explained previously (Foster, 1931 h), the terminal buds of 
spur shoots of the black hickory tend to be less variable as regards scale 
and foliage leaf content than the terminal buds of long shoots and hence 
have been almost exclusively used in the present developmental study. In 
an eflbrt to obtain uniform results, especially as regards the foliar cycle, 
most of the material used in this investigation w^as obtained from a single 

^ Contribution from the Botanical Laboratory of the University of Oklahoma NS No. 
12. ' ' 
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dgorous young tree growing in oak-hickory woods about six 
miles east of Norman, Oklahoma; additional material was 
trees growing in the vicinity of Tecumseh, Oklahoma. Col 
made at frequent intervals, usually every 3-5 days, beginning 
mant period in winter and extending through the periods of sea 
leaf formation. The material was presenred in 5 percent to. 
toughens it sufficiently for careful dissection. , . 1 

The dissection was done with the aid of a Spencer biiuicu 
at a magnification of 61.2 diameters. During dissection, 
necessary to keep the material thoroughly moistened with wa 
applied with a medicine dropper. Measurements of scale ai 
primordia were made with the aid of an ocular micrometer uf 

tion with a calibrated microscope. 

For purposes of emphasis and clarity, no attempt has beei 
figures illustrating this paper to depict the relative positions of 
oping foliar organs of the bud at each ontogenetic stage sin 
contrary, the illustrations in most instances show only the cri 
mental stages of the youngest foliar organs in the vicinity o 
point. For a general scheme of bud construction, the readei 
text figure i in the previous paper in this series. 
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Table I. .4 Comparison of the Periods of Initiatiojt and Morphogenetic Developmeytt of the 
Foliar Organs of a Terminal Bud with the General Processes of Growth in the Main Shoot 


Date Old Terminal Bud { 1929 ) 

Feb. 19 Apparently dorniaiit, 

March 22 Inner bud scales becoming accres- 

cent. 


April 4 ..... . 

foliag<* Ieav<.*s .still enclosed within 
si'ulcs. 

April 9 ..... . 

'Tips of foliage leaves emerging 

from ‘‘tulxd’ formed lyy accrescent 
sc.'ik's. 

April 12 

age Icas'cs cxposiMh 

April 15 

Ic.'ivt's cxpmnling: bud scales re- 
ilcxcd; n«‘\v Imaniu.d bud visible. 

April 1 8 

c.'Uaphyils -.rill peiv.istcnt. 


April 21 ca,ta|>ln,ils stiJl persistent:. 

Af')ril 23 , l’|ipf-r c;ita| 4 iylls still jierslstent. 

April 26. 'Cafa|ihylls beginning to fall; up« 

|„ier one or unly persistent. 

April 30. ........ . C.ajfai'diylis gone. 


May 3 


May S 


.:\lay 13 


New Terminal Bud (t 03 o) 

I^rimordia of upper transitioritil 
forms present at growing point. 
Primordia of upper transitional 
forms rapidly growing. Primor- 
dium of 1st (and sometimes 2d) 
scale appearing. 

ITimordiiini of ist scale growing 
rapidly; primordhim of 2d scale 
|)a|)illate. 

1st .scale developing wings; pri* 
mordium of 2d scab; enlarging; 
primordium of 3d scale appearitig. 
2d scale ric:n’e}o|>ing wings; 3<l scale 
with marginal growtli initiatt?d; 
|)ri mordium of jili scale appearing. 
3d and 4th scales de\tdoping 
wings; primordinm of 5th scaki 
initiating margin, -d growth; pri- 
mordium of Otli sc. ale pajjilLate, 

5th scale d«*\'elojang wings; pn- 
inordiuni of 61 !i scale initiating 
marginal growtli; primordium of 
7th scale [ia|>illate, 

6lh scale dtweloping wings; })ri- 
mordium of 7th scale initiating 
marginal growth; primordium of 
first foliage leaf papillate. 

7th scale de\'elo[)ing wings; pri- 
mordium of first foliage katf elon- 
gating l>ut unsegniented. ITimor- 
tlium of siicond foliage leaf 
kde. 

fJttle change except suggestion of 
leatlet initiation in primordium of 
first foli.igi? leaf. 

isl foliage leaf with 2(3) irrs, 
l.'iteral leaflet primordia; primor- 
dium of 2d foliage leaf elongating; 
l>ri mordium of 3d foliage kaif 
papillate. 

1st foliage leaf with elongating 
leaflet [jrimordia; lateral leaflet 
fjrimordia ap|:)earing in 2d foliage 
leaf; primordium of 3d foliage leaf 
elongating but imsegmented. 

Little cliange save rapid increase 
in sixe of lejiflet primordia of 1st 
and 2d foliage leaves and l:.>ladc‘ ini- 
tiation on uppctr leaflets of ist, 

1st, 2d and 3d foliage leaves ra|,>- 
idly growing; primordium of 4th 
foliage leaf elongating; papillate 
primordium of 1st upper transi- 
tional form just appearing. 
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period of bud swelling (March 22) is accompanied by the rapid growth of the 
upper transitional forms and the initiation, at the growing point, of the 
primordium of the first bud scale. We may now consider briefly the pei iod 
of scale formation in the new terminal bud. 

Reference to table i shows that the period of scale formation extends 
from March 22 to April 18, thus covering a time interval of 28 days. It is 
instructive to compare on similar dates the behavior of the expanding shoot 
with the stage of development of the new terminal bud at its apex. Foi ex- 
ample, from March 22 to April 12, a period of 22 days, scale initiation is pro- 
ceeding rapidly at the growing point although the new terminal bud is still 
protected by the cluster of unexpanded foliage leaves. During this period, 
the cataphylls of the expanding bud (formed the previous year) have become 
accrescent and reflexed and the process of elongation in the shoot has begun. 
On April 15, however, the foliage leaves are rapidly expanding and leffexing 
and the new terminal bud, consisting of six rapidly-growing scales, is now 
exposed directly to the atmosphere. The primordium of the seventh scale 
appears at the growing point about April 18 and the period of scale foi ma- 
tion in the new terminal bud is usually complete. It may prove signilicant, 
in future developmental-phj^siological studies, to bear in mind that at least 
in the black hickory, the completion of scale formation in the new terminal 
bud appears to coincide with the general cessation in growth of the main 
shoot on which it is borne. 

Table i indicates that the primordium of the first foliage leaf appears 
at the growing point on April 21 and that the general period of foliage-leaf 
initiation extends from this date to May 13, a time interval of 22 days. 
During this period, the reflexed cataphylls at the base of the shoot gradually 
wither and are finally deciduous. On May 13, the new terminal bud was 
found to consist of two upper transitional forms, seven bud scales, four 
foliage leaves (in successive stages of development) and, at the growing 
point, the papillate primordium of the first upper transitional form of the 
bud destined to develop during the spring of 1931. 

A good deal of variation, as regards organ formation, obtains alter May 
13, in the material investigated. Perhaps most frequently the |)rimordium 
of the second upper transitional form appears and then the growing point 
becomes inactive until the following spring. Variations in the number of 
foliage leaves formed in the various buds, however, on a single tree make it 
impossible to define accurately the exact period during which the primordia 
of the upper transitional forms are laid down. It vseems clear, lK)we\X‘r, that 
by the middle of May, organ formation has ceased at the growing point, and 
further development in the new terminal bud consists in the enlargement and 
histological specialization of the cataphylls and foliage leaves. 

A final point of importance is suggested by a careful analysis of the data, 
presented in table i, viz: that the scale primordia are laid down at the grow'- 
iiig point at a relatively faster rate than are the foliage-leaf primordia. 
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During the period of scale formation, which lasts about 28 days, seven 
primordia are formed, or in other words, the plastochron is four days in 
length. The period of foliage leaf formation, in contrast, lasts about twenty- 
two days during which time four primordia are formed, thus giving a plasto- 
chron of five and one-half days. The meaning of this apparent difference in 
the rate of scale and foliage leaf initiation, however, is far from evident at 
present. According to Schiiepp’s (1929, pp. 792-793) analysis of the data on 
foliar periodicity appearing in contributions from Blaauw’s laboratory, the 
scales are formed at a faster tempo than the foliage leaves, suggesting rapid 
growth. In Acer Pseudoplatanus, however, the primordia of scales and 
leaves appear at about the same tempo. Evidently considerable varia- 
tion, according to the plant, is to be expected. Schllepp points out in dis- 
cussing this variation, that the true measure of the activity of the growing 
point is the velocity of multiplication of the promeristem cells and not the 
length of the plastochron. The latter, according to Schiiepp, is not only 
dependent upon the velocity of growth but also upon the size-relationship 
between the youngest foliar primordium and the constantly ''regenerating’' 
portion of the growing point. Perhaps further study of the phenomenon 
from this standpoint may lead to significant discoveries. 

Cataphyll and Foliage-leaf Ontogeny 

In view of the detailed account which has already been given (Foster, 

1931 b) of the adult form and organization of the cataphyllary structures 
and the foliage leaves in the black hickory, it will be necessary at this point 
to review briefly only the salient features of these organs. It will be recalled 
that with the exception of the lower transitional forms, the outer of which 
usually possesses a rudimentary laminar primordium, the cataphylls are 
organs with a relatively simple morphological organization and exhibit a 
surprising range in form, which varies from ovate-acute or obovate-emargin- 
ate in the lower scales to spatulate, linear, or linear-rhomboid in the inner 
scales. In contrast to the cataphylls, the foliage leaf is morphologically 
complex, and consists of a pulvinus-like leaf base, a petiole, and an impari- 
pinnate lamina of 3-7 leaflets. The facts presented in the previous paper, 
however, shed no light upon the dynamic aspects of this striking divergence 
in form and organization between the adult scale and foliage leaf, because 
the critical morphogenetic phases of development of these organs were not I 

considered. The changes in size and form of the foliar organs during bud I 

expansion ^re important but are secondary in importance as compared with 
the early phases of development occurring in the vicinity of the growing 
point, when the organ primordia are but a fourth to a third of a millimeter 
in height. 1 

In the present section of this paper the critical stages in the ontogeny 
of the successive foliar organs of the terminal bud will be described in the 


I 



8 o 


AMERICAN JOURNAL OF BOTANY 


[Vol. 19, 


order of their development, beginning with the configuration of the primordia 
of the lower transitional forms as they appear at the growing point of the 
winter bud and ending with the initiation of the last foliagedeaf primordium. 
In this account, an attempt will be made not only to compare graphically 
the significant morphogenetic developmental stages of the cataphylls and 
foliage leaves but also to emphasize that the appearance of these organs in 
the life cycle is intimately related to the rhythmical growth and general 
organization of the shoot.^ 

The Upper Transitional Forms 

In correlation with the variation in the morphological organization of 
the upper transitional forms, which has already been described (hoster, 
1931 h), it is impossible to generalize regarding the form of the primordia 
of these organs in the winter bud. Figure i , Plate 11 , shows a not infrequent 
condition in which the larger of the two primordia shows no evidence of 
lateral leaflet primordia; it seems probable that such an initial would develop 
into the ovate-acuminate type which I have already described (Foster, 
1931 5 , PL LXI, fig. 2). Perhaps more frequently, however, the primor- 
dium of the outer of the two upper transitional forms consists of a short, 
thick basal region and three tiny leaflet primordia (PL 11 , fig. 2) . Regardless 
of the presence or absence of lateral leaflet primordia in the initial of the 
outer transitional form, the primordium of the second transitional form, in 
all cases that I have examined, appears at the growing point of the winter 
bud as a thick, broad-based, dorsally-convex, ventrally-plane structure and, 
in these respects, resembles the young primordia of the bud scales proper 
(figs. I and 2). 

Coincident with the swelling of the terminal bud, the primordia of the 
upper transitional forms develop rapidly and the growing point begins to 
form the scale primordia of the new terminal bud (table i). Following the 
stage shown in figure 2, the basal region of the outer of the two transitional 
forms grows actively in length and basal width and begins to form massi\'e 
lateral wings; during this phase in development, the rudimentary laminar 
primordium slowly increases in size and blade-formation is initiated on tlie 
ventral surfaces of each leaflet primordium in the form of two delicate lateral 
meristematic weals (fig. 3). The further development of the outer transi- 
tional form involves the continued increase in the length of the basal region 
and the extent of its rapidly growing wings ; usually the differentiation of the 
laminar primordium ceases after the stage just described. It is interesting 
to note here that Langdon (1931, p. 290), in a study of the scales of the 
primary axis of seedlings of Carya cordiformis, finds that during the eai'ly 
stages of development “the laminar portion of the scale primordium paral- 
lels that of the foliage leaf. Shortly after the formation of the first three 
primary segments, dominant growth commences in the sheathing portion 
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of the appendage, preventing further elaboration of the lamina.” It is 
evident from Langdon’s figures (PI. 11, figs. 15 and 16) that these epicotylar 
scales in Carya cordiformis are similar in organization to the outer of the 
upper transitional forms in the black hickory. Information is needed, how- 
ever, on the development and structure of the cataphylls of the winter term- 
inal and axillary buds in Carya cordiformis before further conclusions of a 
comparative nature may be drawn. The inner of the two transitional forms, 
because of its failure to differentiate lateral leaflet primordia, pursues a 
much simpler development. Following the stage shown in figure 2 the 
primordium of this organ experiences a rapid increase in basal width and 
height. When viewed laterally at this developmental stage, the inner 
transitional form is seen to consist of a rapidly extending apex (which be- 
comes the acuminate pointlet of the mature organ) and a basal region with 
massive, actively growing lateral wings (fig. 3). A ventral aspect, at the 
same stage, shows that the prominent wings of the inner transitional form 
extend from the base nearly to its apex, a fact which clearly excludes the 
possibility of drawing rigid transverse delimitations of morphological "'ele- 
ments” in such an organ (figs. 4 and 5). The persistence of wing-develop- 
ment, and the slow increase in height and basal width in the inner transi- 
tional form leads to the ovate-acuminate form of this organ at maturity. 

During the ontogeny of both of the upper transitional forms, the median 
central region becomes noticeably thickened and distinct from the lateral 
wings; this localized growth in thickness leads to the prominent and charac- 
teristic dorsal keel of the adult organs. Hairs and colleters appear early on 
the dorsal and apical regions of the upper transitional forms, as in the case of 
the bud scales proper (fig. 5). 

The Bud Scales Proper 

Before describing in detail the ontogeny of the successive bud scales, 
it will be well to emphasize certain early developmental features shared by 
all the scale primordia. The scale initials appear acropetally at the grow- 
ing point, apparently with a 2/5 divergence ^ and, at the earliest visible stage, 
have the form of rounded or hemispherical protuberances. An interesting 
feature of the spiral arrangement of the scale primordia is the fact that the 
youngest initial, at a given developmental stage of the bud, does not lie mid- 
way between the two next older primordia but is invariably displaced towards 
the larger one (cf. fig. 5r Pl- H and figs. 15 and 17. Ph HI). This situation is 
not in accord with " Hofmeister’s Rule” (cf. Hofmeister, 1868, pp. 482-483) 
but, on the contrary, seems closely analogous to the position of the foliar 
organs of the terminal bud of the seedling of Helianthus annuus (likewise 
with a 2/5 divergence) as describedly by Goebel (1928, pp. 281-282, fig. 
288). 

-Foster, 1931&, text figure i. 
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Following the early papillate stage of development, the bud scale pri- 
mordia rapidly increase in basal width, thickness and height, finally reaching 
what I have chosen to call the ‘‘determinate stage ’’ since from this time 
onward, their ontogeny very definitely proceeds along utterly different lines 
from those pursued by a foliage-leaf primordium. A highly significant 
aspect of the early stages in growth of a scale primordium lies in the fact 
that its basal width increases at a relatively faster rate than does its height. 
Indeed, if this inequality in growth rates is computed by dividing the height 
of the primordium by its basal width a ratio of less than unity is invariably 
obtained with the exception of the primordia of the seventh scale. As I 
shall show later, this ratio is the clear evidence of the almost initial diver- 
gence in mode of growth of the scale and foliage-leaf primordia. 

In view of certain important differences in the early ontogeny of the 
outer and inner bud scales, it will be necessary to discuss their development 
separately, although the distinction between “ outer and “inner” scales is 
admittedly arbitrary. 

The Outer Bud Scales (i-j Inclusive) 

The hump-like primordium of the first scale appears at the side of the 
growing point during the early period of bud swelling (cf. table i and fig. 3, 
PL II). As the result of rapid increase in basal width, thickness, and height, 
the primordium quickly reaches the determinate stage where it appears as a 
thickish, broad-based, ovate structure, dorsally convex and ventrally only 
slightly concave (fig. 4). Almost simultaneously with the appearance of 
rapidly-elongating hairs on the median-dorsal surface, two important growth 
processes appear in the primordium. In the first place, its apex begins to 
grow rapidly. Secondly, and of the greatest importance, active and uniform 
meristematic activity ensues along its ventral margins (figs. 5 and 6). Fp 
to and including the developmental stage just described, the ratio of height 
to basal width is less than unity, and varied in the seven primordia measured 
from .5-.S. Following the ontogenetic stage depicted in figures 4, 5, and 6 
of Plate II, the first scale elongates rapidly and as the result of active mar- 
ginal growth develops prominent lateral wings which, growing towards one 
another, finally overlap above the base and eventually enclose the de\’eloping 
primordia of the second and third scales (figs. 7 and 8). The first scale has 
now passed through the critical morphogenetic period of development and in 
form is an ovate-acute, conical structure with rapidly broadening wings and 
a slowly thickening median central region. As is shown in figures 6, 7, and 8, 
coarse hairs continue to appear and to develop rapidly on the median-dorsal 
and apical regions of the first scale; it will be noticed that the rapidly-growing 
wings are quite glabrous during the early phases of their development. 

^ That is, the length of a median line joining the apex and base on the \'entral surface. 

^ That is, the length of a line connecting the basal margins on the ventral surface. 
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Coincident with the beginning of marginal growth in the primordium of 
the first scale, the second scale appears at the side of the growing point as a 
rounded papilla (figs. 5 and 6). As in the case of the first scale, the pri- 
mordium of the second scale first of all increases rapidly in size, gradually 
losing its early papillate form, and appearing in the determinate stage as a 
broad-based thickish initial in which apical and ventral-marginal growth 
are proceeding actively (figs. 7 and 9). During the early phases of its 
growth, the basal width of the primordium of the second scale increases 
more rapidly than its height, the ratios computed from four different ini- 
tials measured varying from .5“-.75. The more or less uniform and rapid 
growth at the ventral margins of the primordium, after the determinate 
stage has been reached, coupled with an increase in its basal width and its 
length, lead to a stage where the second scale possesses massive lateral wings, 
which are gradually enclosing the primordia of the third and fourth scales 
(figs. 9 and 10). Following this stage, the further history of development 
of the second scale is essentially like that already described for the first 
scale, with the difference that the apex usually remains more obtuse and 
less prominent (cf. figs. 7 and 10). 

The papillate primordium of the third scale appears at the side of the 
relatively broad growing point during or just preceding the determinate stage 
in development of the second scale (fig. 9). During its rapid increase in 
size, dorsal hairs develop rapidly on its median-central and apical regions, 
as is the case in the young primordia of the first and second scales. When 
the determinate stage has been reached, the primordium of the third scale is 
very distinctive in form. Viewed dorsally, it appears as a relatively massive, 
broad-based initial which is obviously experiencing rapid apical growth. 
From this aspect, its left basal margin is seen to be growing in front of the 
primordium of the fourth scale (fig. 10). A ventral aspect of the primordium 
of the third scale at the same ontogenetic stage emphasizes its thick, broad- 
based character and shows the slightly concave nature of its ventral surface 
resulting from the active ventral-marginal growth which has already begun 
(PL IFI, fig. ii). Up to and including the determinate stage in develop- 
ment, the primordium of the third scale growls more rapidly in basal width 
than in height, the ratios computed from measurements of six different 
initials varying from .49“-.8. Following the determinate stage in its ontog- 
eny (fig. ii) the primordium of the third scale, as a result of active growth 
on its ventral margins, together with a relatively slow increase in its basal 
width as compared with its height (the ratio, as in the first and second scales, 
soon exceeds i), rapidly acquires a conical form (fig. 12). In this ontogenetic 
stage, the massive lateral wings, which extend nearly to its apex, are. quite 
distinct from the slowly thickening median-central region of the scale, and 
soon enclose the primordia of the fourth and fifth scales. 

The main features common to the morphogenetic period of development 
of the first three bud scales may be summarized as follows. The papillate 
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primordium, as a result of rapid increase in basal width, height, and thick- 
ness, reaches the determinate stage during which active growth at the ventral 
margins and apical extension are initiated. Up to and including the de- 
terminate stage, the ratio of height to basal width in the primordia varies 
but is invariably less than unity. Following the determinate stage, wing 
formation proceeds actively and uniformily, and eventually the scales acquire 
the form of broad-based, conical structures with a definite equitant aestiva- 
tion. Reference to table i indicates that the completion of the critical devel- 
opmental phases of the first three scales coincides with the periods of swelling 
and internodal elongation of the main shoot. Aside from histological special- 
izations, such as the formation of colleters and very numerous dorsal hairs and 
the maturation of the vein system, the remainder of the development of the 
outer scales is essentially an increase in size of the form shown in figures 7 
and 10, Plate 11 and figure 12, Plate III, and leads directly to the ovate- 
acute, vaginate form of these organs at maturity (of. Foster, 1931 &, PI. LXl, 
figs. 4, 5, and 6). 

The Inner Bud Scales {4-7 Inclusive) 

The primordium of the fourth scale is papillate in form when it first ap- 
pears at the growing point. As a result of rapid increase in size (fig. ii), it 
soon reaches the determinate stage where it has the form of a broad -based, 
thickish initial. When seen dorsally in this ontogenetic stage, the pri- 
mordium of the fourth scale appears to possess a slightlv narrower basal 
width than the third scale during the latter's determinate stage (cf. fig. lo, 
PL II and fig. 12, PI. III). This situation seems to be explained by the fact 
that although the ratio of height to basal width in the primordium of the 
fourth scale during its earliest growth varies from .s-.S (five initials meas- 
ured), when the determinate stage has been reached, the ratios as coniputed 
from measurements on thirteen different initials ranged from .6-1. ol 
These figures illustrate an important feature in the early developmenta. 
history of the Inner scales, viz: that followdng the papillate stage, the basal 
width of the primordia increases at a relatively slow^er rate than is the case 
with the initials of the first three bud scales. After the primordium of the 
fourth scale has reached the determinate stage, its apex extends rapidly and 
its ventral margins begin active growth (fig. 13). Following the stage just 
described is a period during which the scale increases relatively slowly in 
basal width, grows more actively in height, and acquires massi\*e lateral 
wings (fig. 14). A significant feature of this ontogenetic period of the fourth 
scale is the fact that the lateral wings tend to grow most rapidly at a point 
a short distance above the scale base. Furthermore, there is a pronounced 
tendency for the two wings to develop unequally, leading to a more or less 
definite asymmetry. An interesting aspect of this asymmetrical growth of 
the scale-wings lies in the fact that the more rapidly growing wing is slightly 
constricted near its base and is directly in contact, at the region of constric- 
tion, with the youngest foliar primordium. The developmental features 
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just described as characteristic of the fourth scale become increasingly evi- 
dent ill the fifth, sixth, and seventh scales and are clearly associated with 
the obovate or spatulate (more or less ) asymmetrical form of these organs 
at maturity. 

Reference to table i shows that the morphogenetic period of develop- 
ment of the inner scales occurs at a time when the new terminal bud is fully 
exposed at the tip of the shoot. It should be appreciated, however, that 
the primordia of the fifth, sixth, and seventh scales pursue their development 
within a protected '‘chamber” formed by the closely overlapping wings of 
the outer bud scales. Thus, in a biological sense, the outer bud scales early 
assume a protective r 61 e for the remaining scale primordia. 

The tiny papillate primordium of the fifth scale appears at the growing 
point during the determinate stage in ontogeny of the fourth scale (figs. 12 
and 13). During the early phases in its ontogeny, the basal width of the 
primordium of the fifth scale grows at a faster rate than its height, measure- 
ments on sixteen initials giving ratios which extended from . 6 “. 8 . As the 
primordium approaches the determinate stage, however, the rate of growth 
in its height begins to increase slowly as shown by the fact that the ratios 
obtained from measurements on nine different initials ranged from .7-1, the 
latter figure being obtained in two instances. When viewed laterally at 
this developmental stage, the primordium of the fifth scale is a relatively 
thick, broad-based structure in which extremely active apical extension has 
already begun (fig. 15). This early appearance of vigorous apical growth is 
characteristic of the primordia of the fifth, sixth, and seventh scales and 
stands in contrast to the situation in the primordia of the outer scales at a 
comparable developmental stage (cf. fig. 9, PI. II). During and following 
the ontogenetic period of the fifth scale portrayed in figure 15, rapid growth 
begins on the ventral margins of the primordium, giving rise to rapidly grow- 
ing lateral wings. A study of a later ontogenetic stage shows that the most 
active growth of the wings occurs about midway between the rather acute 
apex and the slowly broadening base of the scale (fig. 16). This figure like- 
wise illustrates the early asymmetrical growth of the scale- wings and the 
contact of the primordium of the seventh scale with the constricted region 
of the left scale-wdng. When viewed ventrally at this ontogenetic stage, the 
wings of the fifth scale appear as two rather asymmetrical flaps which are 
obvious!}'" growing most actively above the broadened scale-base (PI. IV, 
fig. 28). This mode of development of the scale- wings stands in marked 
contrast to the more uniform growth of the wings of the outer scales (cf. figs. 
7 and 10, PL II and fig. 12, PL III, with fig. 16, PI. III). 

During the early phases of growth of the sixth scale, the basal width of the 
primordium increases at a faster rate than its height (figs. 14 and 15). 
Ratios computed from measurements on twelve different initials during this 
period of ontogeny ranged from .5™.8. When viewed ventrally just before 
the determinate stage is reached, the primordium of the sixth scale appears 
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as a thick, broad -based, dorsally convex and ventrally slightly concave struc- 
ture, showing little or no evidence of marginal growth (fig. 17). The deter- 
minate stage, as usual, is characterized by rapid apical extension and the 
initiation of growth on the ventral margins of the primordium (fig. 16). 
During this ontogenetic period, the rate of growth in length begins to exceed 
the rate of basal widening, ratios derived from measurements on five initials 
ranging from .8-1.3. These ratios again emphasize the important difference 
in rates of growth occurring during the determinate period in ontogeny of the 
outer and inner scales. Following the stage depicted in figure 16, the sixth 
scale grows slowly in basal width, extends rapidly in length, and acquires 
characteristic asymmetrical wings (fig. 18). At this stage, the fifth and 
sixth scales are developing in essentially the same manner (figs. 16 and 18). 

The primordium of the seventh scale appears as a papilla at the side of 
the growing point (fig. 15). Measurements of seven initials during their 
early phase of growth (figs. 16 and 17) showed that a marked tendency exists 
for the rate of basal widening to exceed the growth in height, even before the 
determinate stage has been reached, the ratios extending from .6-1 . i . When 
viewed laterally before marginal growth has commenced, the primordium of 
the seventh scale resembles the primordium of the sixth scale at a compar- 
able developmental stage, except that its apex is slightly more acute (cf. figs. 
17 and 18). A lateral-ventral aspect of the primordium of the seventh 
scale, at about the same ontogenetic stage, illustrates the pronounced apical 
extension which is occurring (fig. 19). During the determinate stage, the 
primordium of the seventh scale increases its length at a rapid rate, ratios 
obtained from measurements of four initials ranging from .8-1.5. The ac- 
tively developing lateral wings, resulting from the growth initiated at the 
ventral margins, become asymmetrical at an early period and are greatest 
in extent above the slowly-broadening scale base (fig. 20). Further growth 
of the seventh scale leads to the more or less obovate-acute form of this organ 
in the winter bud (cf. Foster, 1931 PI. LXI, fig. 9). 

The important aspects of the morphogenetic period of development of 
the inner bud scales may now be summarized briefly. Diiring the earliest 
phases of ontogeny, there is a marked tendency, which gradually increases 
in the successive scales, for the ratio between growth in height and growth in 
basal width to approach and finally to exceed unity. The significance of 
this mode of early growth is that when the determinate stage is reached, the 
primordia are definitely longer than broad. Apparently in correlation with 
their shape, wing-formation becomes most active at a point midway between 
the apex and the slowly-broadening bases of the scale. As a result of this 
type of growth, a more or less clear demarcation may be drawn, at a rela- 
tively early developmental stage, between a short basal region, which is 
experiencing relatively little marginal extension, and an upper region which 
is forming massive lateral wings (figs. 14, 16, 18, and 20), This configura- 
tion is maintained during the subsequent increase in size of the inner scales 


Jan., 1932] 


FOSTER — LEAF OF CARYA 


87 


and leads to the more or less definitely obovate form of these organs in the 
winter bud (Foster, 1931 h, PL LXI, figs. 7 and 8). During the expansion 
of the bud in spring, active elongation occurs in the narrowly-winged basal 
region of the inner scales and results in the obovate or spatulate form of these 
organs at maturity (Foster, 1931 b, Pis. LXI I and LXIV). 

Reference to table i shows that the period of scale formation ends with 
the appearance of the primordium of the seventh scale on April 18. Al- 
though marked by little appreciable change in its appearance, the growing 
point, from this period onward until about May 13, forms the primordia of 
the foliage leaves, which pursue their critical ontogenetic stages within a 
^‘chamber” formed by the rapidly enlarging bud scales. 

The Foliage Leaves 

The primordium of the first foliage leaf appears as a papillate swelling 
on the side of the growing point just prior to the determinate stage of 
development of the sixth scale (fig. 17). In its earliest stages, this foliage- 
leaf primordium, save for its position in the foliar cycle, gives no outward in- 
dication of its destiny. As it enlarges in size, however, it is soon evident that 
growth in height is proceeding at a much faster rate than growth in basal 
width (fig. 19). Ratios computed from measurements of eighteen foliage- 
leaf primordia during the early ontogenetic period ranged from 1. 1-1.5. 
This relatively rapid growth in length accompanied by much slower basal 
widening continues and leads to the determinate stage in ontogeny where the 
primordium appears as a narrow’-based, acute, semi-terete vStructure with 
a convex dorsal surface and a nearly plane ventral surface (PI. IV, fig. 21). 
One of the specific characteristics of a foliage-leaf primordium in the deter- 
minate stage is the rapid development of hairs on the lower region of its 
ventral surface. Insignificant as this feature may seem, it clearly distin- 
guishes a foliage-leaf primordium from a bud-scale primordium even before 
the more characteristic and divergent methods of growth have begun in these 
initials (cf. figs. 19 and 20). Following the ontogenetic stage depicted in 
figure 20, there occurs a most critical morphogenetic type of growth which 
is fundamentally responsible for the striking divergence between bud scale 
and foliage leaf in the black hickory. Beginning first as a slight swelling 
near the base of its ventral surface, a double series of papillae appear in 
acropetal succession. These papillae, which begin to enlarge rapidly prove 
to be the primordia of the lateral leaflets; the acuminate terminal portion of 
the foliage-leaf primordium above the youngest pair of lateral leaflet pri- 
mordia is destined to develop into the terminal leaflet (fig. 22). As a result 
of the acropetal method of development of the lateral leaflet primordia, the 
foliage-leaf initial is early demarcated into a rapidly growing lamina and a 
short, thickened, slowly-broadening basal region.^ The latter is destined to 
give rise to the leaf base and the petiole in a manner to be described presently. 

* Langdon (1931, p. 286) reports an acropetal order of development of the upper 
lateral leaflet primordia in 
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During the period of lateral leaflet formation, the hairs on both the dorsal 
and ventral surfaces of the foliage-leaf initial increase in number and length ; 
eventually, the young foliage leaf is densely pubescent and great difficulty is 
consequently experienced in following its later developmental stages. 

In the previous paper in this series (Foster, 1931 table I), I have em- 
phasized the variability in the number of pairs of lateral leaflets present in 
the successive leaves of a given shoot. It was shown that the first foliage 
leaf tends to have seven leaflets and that a progressive (although somewhat 
erratic) reduction in lateral leaflets occurs in successive leaves. The general 
appearance of the first foliage leaf, as shown in figure 22, suggests that no 
more lateral leaflet primordia would have appeared. The mature foliage 
leaf would have thus had five leaflets. 

The early history of development of the three remaining foliage leaves is 
similar in all essentials to the ontogeny of the first foliage leaf. The pap- 
illate primordium of the second foliage leaf appears at the growing point 
during the determinate stage of the first foliage leaf (figs. 20 and 21). A 
lateral view of this primordium at a much later stage illustrates clearly the 
initiation of lateral leaflet development by the appearance of a swelling near 
the base of its ventral surface (fig. 22). When viewed ventrally at a later 
developmental stage, the second foliage leaf may be seen to have formed two 
pairs of lateral leaflet primordia; note the rapidly developing hairs on the 
slightly concave ventral surface of the primordium (fig. 24). 

The primordium of the third foliage leaf appears just prior to the initia- 
tion of lateral leaflet primordia in the second foliage leaf (fig. 22), It is of 
interest to note its contact with one edge of the first foliage leaf, recalling 
the situation already described under the ontogeny of the bud scales (cf. figs. 
20 and 22). When viewed ventrally at a much later developmental stage, 
the third foliage leaf is seen to have developed three pairs of lateral leaflet 
primordia, the decreasing size of each successive pair clearly indicating their 
acropetal order of formation (fig. 25). During this ontogenetic stage of the 
third foliage leaf, the primordium of the fourth foliage leaf appears at the 
growing point. Its further development is similar to that of the preceding 
foliage leaves and requires no further description. 

As is shown in figure 23, the cluster of rapidly developing foliage leaves 
is soon, more or less completely enclosed by the enlarging wings of the seventh 
bud scale. This figure likewise serves to illustrate the utter and abrupt 
divergence in the organization and mode of growth of the last scale and the 
foliage leaf. The further development of the foliage leaves consists in a 
gradual increase in their size accompanied by a further specialization in 
their laminar and basal regions ; for convenience we may describe first of all 
the further development of the lamina. 

The lateral leaflet primordia, which at first are papillate in form (fig. 25), 
soon begin to elongate rapidly and finally appear as finger-shaped structures. 
The terminal leaflet primordium, as a result of similar growth processes, 
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attains a like configuration. Beginning first in the terminal leaflet, and 
proceeding basipetally in the successive pairs of lateral leaflets, there appear 
on the ventral surface of each leaflet, two delicate meristematic weals or 
ridges which represent the first indication of blade development (fig. 26). 
It should thus be evident that the thickened apically elongating portion of 
each leaflet corresponds to its future midrib.® The growth of the ventral 
wings of each leaflet proceeds rapidly and the length of the wings continues 
to increase in the direction of elongation of the leaflet. When the leaflet- 
wings have reached a noticeable width, the ventral wing of each lateral 
leaflet {i.e. the wing nearest the center of the bud) begins to grow over and en- 
close the inner wings; a continuation of this unequal growth leads eventually 
to the convolute-involute vernation of the leaflets which I have previously 
described f,hoster, 1931 6, p. 870). During the early period of blade devel- 
opment, a series of transverse ribs begin to appear in acropetal succession in 
the leaflet wings (tig. 27). These ridges are the early stages in development 
of the main lateral veins of the leaflet and their marginal extensions corres- 
pond to the point of origin of tlie main serrations of the adult leaflet (cf. 
Poster, 1931 b, text fig. 2). In subsequent developmental stages, the lateral 
ribs of the leaflet wings become separated by a type of intercalary growth 
which is probably due to the activity of a ‘Tlattenmeristem.” ^ As the 
main lateral ribs become gradually separated in this way, secondary veins, 
appearing as smaller ribs, develop from their distal ends and eventually give 
rise to the forked or trifurcated condition of the main lateral veins of the 
adult leaflet. 

1 )uring the period of active growth and blade-formation in the leaflets, 

the basal region of the young foliage leaf slowly broadens and elongates and 
becomes noticeably thickened (figs. 26 and 27). In the winter bud, it is 
usually possible to distinguish, more or less clearly, the leaf-base and the 
petiole, because of greater breadth of the former. 

The first two or three foliage leaves have attained a considerable degree 
of morphological complexity when further growth of the organs of the 
bud is terminated by the approach of cold weather. In the winter bud, the 
foliage leaf is seen to consist of a broadened leaf base, a short petiole, and a 
well-developed lamina (cf. Foster, 1931 by PI. LXI, fig. 9). During the 
expansion of the bud in the spring, active intercalary growth occurs between 
the lamina and the leaf base leading to the elongated mature petiole, the 
leaflets develop and expand in an acropetal direction and a rachis is formed 
between the lower pairs of lateral leaflets, and the adult foliage leaf appears 
(c'f. Foster, 1,931 /;, text fig. 2). 

Langtlon p. 2S6 and Pi. II, , %. 21) reports a similar mode of development of 

thL‘ Ijiadc and inuiril) of tlie leatiets in Carya cordiformis. 

‘ Cf. Schiiepp (1926, p. 18). , 
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Discussion 

The results of this investigation may be discussed most advantageously 
in relation to two main problems, viz: (i) organization and form of the adult 
cataphylls and foliage leaf and (2) the concept of the 'deaf primordium.” 

In the previous paper of this series, the cataphylls were interpreted, on 
the basis of their adult form and venation, as foliar organs with a simple 
morphological organization which precludes any direct homology being 
drawn between them and the "elements” of the adult foliage leaf. Evi- 
dence was presented to support the idea that the fundamental architecture 
of the cataphyll is that of a foliar organ possessing a more or less distinct 
axial region (or "phyllopodium”) flanked by two thin, often asymmetrical 
wings. How do these ideas appear when re-examined in the light of onto- 
genetic facts? 

In the first place it has been shown that during the critical morpho- 
genetic phase in ontogeny, the relatively simple form of the cataphyll and 
the highly segmented character of the foliage leaf are determined. In the 
case of the scale, the determinative ontogenetic process consists in the initia- 
tion of active growth on the ventral margins of the primordium, resulting 
in the rapid formation of wings. The foliage-leaf primordium, in contrast, 
forms in acropetal succession a double series of papillate lateral leaflet 
primordia on its ventral margins. Associated with the acropetal order of 
appearance of lateral leaflet primordia, the primordium of a foliage leaf is 
early segmented into two discrete regions viz: (i) a rapidly growing " lamina” 
and (2) a slowly developing basal region destined to give rise, by subsequent 
processes of marginal, radial, and intercalary growth, to the leaf base and the 
petiole. The evidence from ontogeny thus clearly supports the idea already 
derived from a study of adult structure, that any attempt to homologize the 
scale with the "morphological elements” of the foliage leaf rests upon an in- 
secure foundation. It is true that during the early development of the inner 
bud scales, a more or less evident basal region becomes distinct, as a result 
of less active marginal growth, from the upper, massively-winged region of 
the scale and that intercalary growth in this basal region during bud expan- 
sion gives rise to the stalk-like portion of the scale. However, to conclude 
from this fact that a transverse demarcation should be drawn between a 
petiole and a "lamina” region in the adult cataphyll is in my opinion 
gratuitous. Bower (1889, p. 248) expresses a view which seems particularly 
cogent in this connection when he states: "While we note that a distinction 
of petiole and lamina, as parts having usually a definite relation of form and 
position, is applicable to a large proportion of leaves, let us beware of assum- 
ing that the parts of all leaves, how^ever peculiar their form, are referable to 
such a type.” 

The question now arises as to the interpretation of the "apical laminar 
region ” or "terminal lobe” which, as I have already shown (Foster, 1931 6), 
occasionally appears in the uppermost cataphylls of certain shoots. Chving 
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to the sporadic occurrence of this ‘‘terminal lobe” it has not been possible to 
follow its development with any accuracy. The ontogeny of the inner bud 
scales, however, suggests that the more or less discrete and narrowly winged 
apical region of the primordium may undergo a specific process of internal 
differentiation similar to that followed by the terminal leaflet of the foliage 
leaf. That this may be the case is suggested by the dark green color and the 
presence of weak reticulate venation in the terminal lobe in many cases 
(Foster, 1931 h, PL LXIV). The nature and time of appearance of the 
growth processes leading to the formation of a terminal lobe, however, can 
be determined only by a careful examination of the internal development 
of the scale, a matter reserved for future investigation. 

Ontogenetic facts seem to support the view already expressed that the 
cataphyll fundamentally consists of an axial region flanked by lateral often 
asymmetrical wings. The distinction between the wings and the axial 
region is particularly obvious during the early stages of ontogeny (PL IV, 
fig. 28). During the later phases of development, a gradual increase in 
thickness appears throughout the scale making the distinction less obvious. 
At maturity, however, the appearance of a more definite dorsal rib and 
evspecially the presence of a pinnately-branching midvein in the median cen- 
tral region of the cataphyll further suggest that the scale possesses an alate 
construction. From this standpoint the median central region of the scale 
may be regarded as the phyllopodium or foliar axis upon which, in varying 
degrees, thin lateral outgrowths or wings are developed. If this interpreta- 
tion is sound, it follows that the basic morphological distinction between the 
cataphyll and the foliage leaf does not consist primarily in the fact that the 
latter, at maturity, possesses certain formal elements, viz: the leaf base, 
petiole, and lamina since the distinction of these elements, as I have shown, 
depends to a large extent upon secondary processes of intercalary growth.® 
On the contrary, the basis for the morphological divergence between scale 
and foliage leaf is found in the determinate stage in ontogeny of these organs 
where the phyllopodium of the scale develops marginal outgrowths or wings 
while the axis of the foliage leaf forms “branches,” ^.e. lateral leaflets. 

Cook’s (1916, 1923) interpretation of hickory cataphylls as “sheaths” 
has already been rejected for the black hickory on evidence derived from 
adult form and venation. Ontogenetic facts likewise furnish no evidence 
for its acceptance but show, on the contrary, that the cataphyll is a unit 
foliar organ which, although invariably simple and often vaginate in form 
at maturity, is clearly not homologous with a sheath. The present study 
shows that the sheath-like character of the outer bud scales results from 
three primary ontogenetic processes, viz: (i) the rather uniform development 
of wings, (2) the maintenance of the early vaginate form during the subse- 
quent period of enlargement, and (3) the failure of these scales to become 


8 This is clearly the case in the development of the elongated form of the petiole and in 
the late appearance of the rachis. 
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extension in the narrowly-winged basal region oi the scale during DUd expan- 
sion inevitably leads to the obovate or spatulate type of configuration. 
Unfortunately, it has not been possible to discover the growth factors re- 
sponsible for the emarginate apex of the scale or to investigate the causes 
for the extraordinary polymorphism of the inner cataphylls. This phase of 
the problem will always present considerable difficulties in view of the erratic 
occurrence of the various form types (cf. Foster, 1931 &). 

As I pointed out in an earlier paper (Foster, 1928, p. 147), one of the most 
fundamental concepts with which the ontogeneticist must constantly deal 
is that of the ‘deaf primordium.” Definitions are usually of temporary 
value and require continual modifications as our knowledge increases but 
perhaps a brief discussion of the bearing of recent work on the meaning and 
usage of the expression “leaf primordium” may be of value. 

The most recent and able discussion of the concept of “leaf primordium “ 
has been given by Schiiepp (1929, pp. 796-800), who points out very clearly 
that nearly every morphological and developmental-physiological analysis 
of form is usually reducible to the viewpoint of either preformation or epigen- 
esis. According to the theory of preformation, one must regard the adult 
form of a leaf as being implicit and determined in the specific, unalterable 
nature of the primordium. In contrast, the epigenetic viewpoint, which 
was so earnestly championed by Klebs (1903), considers form the result of 
inner and outer factors which are constantly operative during the develop- 
ment of the leaf primordium, each developmental phase being more or less 
specific in itself and conditionings to some extent at least, the stage following 
it.‘* Schiiepp then points out the significant fact that Goebel’s “Transfor- 
mation ” theory, to which I have raised both theoretical and practical ob- 
jections (Foster, 1928, p. 148 and 1929, pp. 482-485), attempts to combine 
and reconcile the opposed viewpoints of preformation and epigenesis by 
assuming that the “foliar primordium” is prejormed as a foliage-leaf prim- 
ordium and subsequently, as a result of changed conditions obtaining during 
its development, becomes epigenetically “transformed,” for example to a bud 
scale. Schiiepp’s own studies on Acer FseudoplatanuSs however, led him to 
conclude that at least in thecase of the inner bud scales, the “ transformation ” 
can not be demonstrated either developmental ly or experimentally. In an 
effort to avoid the difficulties inherent in Goebel’s theory of “arrested for- 
mations,” Schuepp suggests that we may consider a working plan (“ Arl)eits- 
plan ”) to be present in the foliar primordium, by means of which the position, 
time, seriation, and duration of the individual growth processes aredeter- 

^ Cf. Reinke (1901, pp. 359-385) for an excellent discussion of epigenesis in plants, with 
special reference to shoot development. 


Jan., 1932] 


FOSTER — LEAF OF CARYA 


93 


mined. The degree to which these complex growth processes occur is deter- 
mined, in Schilepp’s view, by the inner and outer conditions under which the 
plant grows, the former being regarded as 'The living, autonomous causes of 
changes.” Schiiepp then outlines the " working plan ” of a developing leaf in 
Acer and attempts to show how it may be applied in an interpretation of the 
divergent ontogeny of bud scale and foliage leaf. He concludes that the 
notion of the "real transformation” of the visible primordium is replaced, 
in his theory, by a "metamorphosis” or change of the "working plan.” 

Schiiepp’s viewpoint is clearly a "plastic” one and perhaps for that 
reason preferable to any attempt at a more rigid definition of the term 
"leaf primordium.” In a previous paper (Foster, 1929, p. 484) I concluded 
that in Aesctihis Hippocastanum "the developmental history of the scale is 
a continuous and determinate process.” This conclusion, which was based 
upon a consideration of the difference in growth rates between the leaflet 
primordia and the hypopodium of the scale and the foliage leaf, seems 
even more justifiable in the case of the black hickory where cataphyll and 
foliage leaf diverge at the very earliest period in ontogeny. To interpret the 
ontogenetic facts otherwise, one would have to assume, as Goebel (1928, p. 
429) does in similar cases, that the "transformation” has occurred so early 
that it is no longer visible but can only be demonstrated on comparative 
grounds. Such an assumption in my opinion would be valueless and cer- 
tainly of no aid in understanding the growth processes involved. The on- 
togeny of the upper transitional forms in the black hickory, during which a 
rudimentary laminar primordium may be laid down, seems comparable to 
the development of the bud scales in Aesculus Hippocastanum^ and in no 
direct sense is an indication of their origin from foliage-leaf priifiordia. 

The following scheme (p. 94) may serve to emphasize my viewpoint as to 
foliar ontogeny in the black hickory. It will be obvious, from what has 
been said above, that the terms "scale primordium” and "foliage-leaf primor- 
diuni” are used to indicate that in the developing foliar primordium, mor- 
phogenetic growth processes are appearing which, if persistent and followed 
by other "causally” related processes, inevitably lead to the adult cataphyll 
and foliage leaf. 

Summary 

1. The annual foliar cycle on spur shoots of the black hickory consists, 
in the average case, of two upper transitional forms, seven bud scales, and 
four foliage leaves. A table is presented comparing the periods of initiation 
of the successive foliar organs of the new terminal bud with the general 
processes of growth in the main shoot. 

2. The primordia of the upper transitional forms are present at the grow- 
ing point of the winter bud and resume their growth during the period of 
bud swelling in the spring. The laminar primordium of the outer transi- 
tional form grows slowly whilst its basal portion rapidly develops massive 
wings. The inner transitional develops to a simple winged organ with a 
prominent apical pointlet. 
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Scheme of Bud Scale and Foliage Leaf Ontogeny 
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3. The primordia of the scales of the new terminal bud are laid down 
during the elongation of the main shoot. The critical morphogenetic phase 
in their development consists in the initiation of ventral-marginal growth 
with the resultant formation of wings. 

4. Foliage-leaf primordia directly follow the initiation of the last bud 
scale. Their critical morphogenetic growth consists in the acropetal devel- 
opment, on their ventral margins, of the primordia of the lateral leaflets. 
Blade formation is initiated by the development of two meristeniatic ridges 
or weals on the ventral surfaces of the leaflets and is followed by the acropetal 
succession of marginal teeth and the main lateral veins in the resulting wing- 
like extensions. Varying degrees of marginal, radial, and intercalary growth 
in the basal region of the foliage leaf lead to the distinction between the leaf 
base and the petiole. The rachis appears last as the result of intercalary 
growth between the lower pairs of lateral leaflet primordia. 

5. The plastochron of the bud scale is shorter than that of the foliage 
leaf. 

6. Ontogenetic facts indicate that the basic morphological dixergence 
between cataphyll and foliage leaf is determined during their morphogenetic 
phase of development, the critical growth factors being, revspectix'eh', wing 
formation and the acropetal formation of lateral leaflet primordia. 

7. Evidence derived from ontogeny supports the morphological interpre- 
tation previously' advanced that the fundamental architecture of the cata- 
phyll is that of a simple foliar organ possessing an axial region flanked by 
lateral often asymmetrical wings. 

8. A brief discussion is given of the bearing of recent work on the concept 
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of “leaf primorciiiim,” and is followed by a diagram indicating the earty de- 
terminate nature of scale and foliage-leaf ontogeny in this species. 

I am deeply grateful to my wife, Helen Vincent Foster, for her painstak- 
ing and skillful preparation of the illustrations used in this paper and for her 
assistance in proof-reading. My thanks are due also to Dr. Paul B. Sears 
for his constructive criticism of several points taken up in this paper. 
University of Oklahoma, 

Norman, Oklahoma 
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EXPLANATION OF PLATES 
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Plate II 

Figs, i and 2. Lateral- ventral aspects of the primordia of the upper transitional 
forms at the growing point of two different buds, February 19 (trichomes not shown). 

Fig. I , the larger of the two primordia shows the origin of the apical pointlet characteristic 
of these organs and presumably would have remained unsegmented throughout ontogeny 
(larger: 300 /.i long; smaller: 178.75 ju X 143 11. X 83). Fig. 2. The larger of the tw'o primor- 
dia has formed a pair of lateral leaflet primordia, a common situation; the smaller probably 
would have remained unsegmented (larger: 321.75 ja long; smaller: 214.5 fx X 143 X 87). 

Fig. 3. Lateral aspect of the primordia of the upper transitional forms which are 
enclosing the primordium of the first scale, March 22 (trichomes not shown). This figure 
represents a developmental stage following that shown in Fig. 2. The primordia of both . 

transitional forms have increased greatly in basal width and are developing massive lateral f 

wings. Note the ventral weals on the median and one lateral leaflet primordium of the 
outer ot the two transitional forms (first trans. form: 715 yu long; second trans. form: 536.25 jj, j! 

X 393.25 (x; first scale: 250.25 yu X 143 X 65). ? 

Fig. 4. Ventral and dorsal aspects, respectively, of the primordia of the second 
transitional form and the first scale of the bud shown in Fig. 3 with the first transitional 
form removed to show details (trichomes not shown). Note the rapidly developing wings 
of the transitional form w'hich terminate just below its pointed apex. At the right of the 
primordium of the first scale, w^hich as yet shows no marginal growth, is found the relatively 
broad growing point (X 109). 

Fig. 5. Ventral-lateral aspects of the second transitional form and the i)rimordium of 
the first scale, and dorsal aspect of the primordium of the second scale at the growing point, 

March 22. A slightly older stage than that showm in Fig. 4. Marginal growth and ai)ical 

extension have begun in the primordium of the first scale while the second scale appears as a 

rounded protuberance at the side of the growing point (trans. form: 393.25 yu X 375-5 

first scale: 250.25 ix X 143 yu. X 98). #• 

Fig. 6. Ventral-lateral aspects, greatly enlarged, of the primordia of the first two > 

scales at the growing point, April 12. The primordium of the first scale, which is developing 
dorsal hairs, is broadly ovate, obtuse, and beginning to show active marginal growth* 

The primordium of the second scale is papillate (first sc.: 214.5 M X 178.75 yu. X 112). 

Fig. 7. Ventral aspect of the first scale, dorsal-lateral aspects of the primordia of the 
second and third scales, April 12. An important developmental stage followTiig that 
shown in Fig. 6. Note the prominent wings of the first scale which are beginning to cover 
the younger scale primordia. The primordium of the second scale exhibits a prominent 
apical constriction which is characteristic of the early phases of scale ontogeny (first sc.; 

500 yu long; second sc.: 286 ^ X 214.5 X 66). 

Fig. 8. Ventral and dorsal aspects, respectively, of the first and second scales, April 12. 

An older stage than in the preceding figure, illustrating the origin of the characteristic early 
equita nt aestivation of the lower cataphylls. Compare Foster, 193 1 h, text fig. i . (First sc. : 

825 /x long. X 36). 

Fig. 9. Ventral-lateral aspects, greatly enlarged, of the primordia of the second and f 

third scales at the growing point, April 12. The primordium of the second scale is broad- ' 

based and is beginning to grow actively at its apex and margins. Notice the early appear- 
ance of dorsal hairs on the tiny primordium of the third scale. This developmental stage 
of the second and third scales is comparable to that showm, at less magnification, in Fig.' 7 
(second sc.: 286 fi X 214.5 X 93)- 

Fig. 10. Ventral aspect of the second scale; dorsal and lateral aspects, respectively, 
of the primordia of the third and fourth scales, April 12. A developmental stage foliowdng 
that showm in Fig. 9. Characteristic features of the second scale are its obtuse apex and 
uniformly developing wings w'hich are growing over the younger scale primordia. Note 
that the left edge of the primordium of the third scale stands in front of the primordium 
of the fourth scale (second sc.: 46475 X 429 A^; third sc.: 286 yu X 214.5 X 65). | 
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Plate III 



Fig. II. Ventral-lateral aspects, greatly enlarged, of the primordia of the third and jiji 

fourth scales at the growing point, April 12. About the same developmental stage of the ' ' 

third and fourth scales as shown in Fig. 10. The primordium of the third scale has the 


relatively thick, broad-based character of all the lower scale primordia; it is beginning to 
exhibit marginal growth (third sc.: 250.25 ^ X 214.5 M- X 93). 

Fig. 12. Ventral aspect of the third scale; dorsal and lateral aspects, respectively, of 
the primordia of the fourth and fifth scales, April 12. A developmental stage following that 
shown in hiG. ii. Note the general similarity between the second and third scales at com- 
parable ontogenetic stages (cf. fig. 10.) The piimordium of the fourth scale already shows 
the initiation of apical constriction. A portion of the growing point is visible between the 
primordia of the fourth and fifth scales (third sc.: 357.5 m X 286 /z; fourth sc.: 214.5 u 
X 143 M. X 7fi). 

hiG. 13. Ventral-lateral and lateral aspects, respectively, of the primordia of the 
fourth and fifth scales at the growing point, April 12. A magnified view of the same de- 
velopmental stage of the fourth and fifth scales as shown in Fig. 12. Note the broad-based 
character of the primordium of the fourth scale, upon the dorsal surface of which numer- 
ous hairs are beginning to appear (fourth sc.: 178.75 ^ X 143 m- X 160). 

Fig. 14. Lateral-ventral aspect of the fourth scale, lateral and dorsal aspects, re- 
spectively, of the primordia of the fifth and sixth scales, April 15. A developmental stage 
following that shown in Fig. 13. Note particularly the more rapid development of the 
wings of the fourth scale above its base; this type of growth leads to the obovate form of the 
adult catai:)hyll. The primordium of the fifth scale shows a slightly different form from 
that of the preceding scales at a similar developmental stage (fourth sc.: 357.5 {x X 464.75 ii- 
fifth sc.: 214.5 X 178.75 M. X 79). 

Fig. 15. Ventral-lateral aspects of the primordia of the fifth and sixth scales, and 
dorsal aspect of the primordium of the seventh scale, all greatly enlarged, at the growing 
point, April 15. A slightly older stage of these organs than that shown in Fig. 14. Al- 
though growing rapidly in basal width, the primordium of the fifth and sixth scales show no 
indication of wing formation at their margins. The primordium of the seventh scale 
appears as a papilla on the side of the growing point (fifth sc.: 250.25 ^ X 178.75 ix, X 150). 

Fig. 16. Ventral-lateral aspect of the fifth scale; lateral and dorsal aspects, respect- 
ively, of the })riniordia of the sixth and seventh scales, April 18. A developmental stage 
following that shown in Vic,. 15. Note that due to the more rapid development of the wings 
above its base, the fifth scale only partially encloses the younger scale primordia (contrast 
with 12). in the fifth and succeeding scales, one wing is definitely constricted just 
aljove the base and the 3 0ungest foliar primordium (in this case the primordium of the 
seventh s(’ale) always stands next to this constriction. The primordium of the sixth scale 
exhil)its the ovate-acute form characteristic of the primordia of the inner cataphylls (fifth 
sc.: 429 fx X 5 W >.5 m; si.xth sc.: 286 X 250.25 X 68). 

Vic,. 17. Ventral-lateral, lateral, and dorsal aspects, respectively, greatly enlarged, of 
the primonlia of the si.xth and seventh scales and first foliage leaf at the growing point 
Aj>ril 18. 'Fhis figun.* exhibits a slightly younger developmental stage of the primordia of 
the fifth and sixth scales than that shown in Fig. 16. Marginal growth has not yet begun 
in the primonlium of the sixth scale. The primordium of the foliage leaf is merely a 
nmnded pajfilla at the side of the growing point (sixth sc.: 178.75 fx X 143 ju. X 140). 

Fig. 18. I.aterai- ventral aspect of the sixth scale; lateral and dorsal aspects, respect- 
iv(‘l>', of tlie primordia of the seventh scale and the first foliage leaf, April 21. A develop- 
numtal stage following that shown in Fig. 17. The sixth scale, at this stage, shows features 
similar to those of the fifth scale in a corresponding stage of ontogeny (cf. Fig. 16). The 
primonlium of the seventh scale shows rapid and characteristic elongation and the early 
a])pearance of dorsal hairs although marginal growth has not yet begun. The primordium 
of { he foliage leaf shows no specific characteristics at this stage (sixth sc.: 357.5 /x X 393.25 fx; 
seventh sc.: 250.25 ^ X 178.75 m- X 78). 
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Fig. 19. Lateral- ventral aspects, greatly enlarged, of the primordia of the seventh 
scale and first foliage leaf at the growing point, April 21. Approximately the same develop- 
mental stage of the primordia of the seventh scale and first foliage leaf as shown in Fig. 18. 
Note particularly the ovate-acuminate form of the primordium of the seventh scale at a 
developmental stage when marginal growth has not yet begun, a condition unlike that occur- 
ring at a corresponding stage in ontogeny of the lower cataphylls (seventh sc. : 214.5 fx X 
178.75 At- X 140). 

Fig. 20. Lateral-ventral aspect of the seventh scale; lateral and dorsal aspects, 
respectively, of the primordia of the first two foliage leaves, April 20. A developmental 
stage following that shown in Fig. 19. Aside from its more pointed apex, the seventh 
scale at this developmental stage shows the same characteristic features exhibited by the 
fifth and sixth scales at a comparable stage in ontogeny (cf. Figs. 16 and 18). The primor- 
dium of the first foliage leaf, although unsegmented, exhibits a specific character in the 
development of venti'al hairs, a condition never found during young stages of scale develop- 
ment (seventh sc.: 321,75 m X 500.5 ix; first foliage leaf: 178.75 fx X 250.25 /x. X 74)- 

Plate IV 

Fig. 21. Lateral- ventral and latei'al aspects, respectively, of the primordia of the first 
two foliage leaves at the growing point, i^pril 23. A slightly younger stage than that shown 
in Fig. 20, in that ventral hairs have not yet appeared on the larger of the two primordia 
(first foliage-leaf primordium: 178.75 ju X 250.25 ju. X 108). 

Fig. 22. Lateral aspect of the first foliage leaf; lateral and dorsal aspects, respectively, 
of the primordia of the second and third foliage leaves, April 30. A significant develop- 
mental stage following that shown in Fig. 21. Note the prominent dorsal and ventral 
hairs on the first foliage leaf which has formed, in acropetal succession, two pairs of lateral 
leaflet primordia. The primordium of the second foliage leaf shows a pronounced swelling 
just above its base, which indicates the point of origin of the acropetally developing lateral 
leaflet primordia; hairs are developing on the ventral surface of this primordium. The tiny 
primordium of the third foliage leaf lies just under one of the lower lateral leaflet primordia 
of the first foliage leaf. Compare this situation with the position of the youngest foliar 
primordia during scale formation (first foliage leaf: 286 }x X 429 ix; second foliage-leaf pri- 
mordium: 214 /X X 321.75 IX. X 86). 

Fig. 23. Ventral aspect of the seventh scale, lateral aspects of the first foliage leaf and 
the primordium of the second foliage leaf, April 30. This figure emphasizes the abrupt 
transition from the last scale to the first foliage leaf as well as the profound divergence 
between these organs at an early ontogenetic stage. In this bud, the first foliage leaf has 
formed three pairs of lateral leaflet primordia from which the numerous hairs have been 
removed to show details. The region below the low^est leaflet primordium will give rise 
to the petiole and the leaf base (cf. also Fig. 22). The primordium of the second foliage 
leaf is partially covered by the lowest lateral leaflet primordium of the first foliage leaf. 
(Seventh sc.: 858 /x long; first foliage leaf: 286 /x X 429 /x. X 52). 

Fig. 24. Ventral aspect of the second foliage leaf, lateral aspect of the primordium 
of the third foliage leaf at the growing point, April 30. A developmental stage following 
that shown in Fig. 22. Note the prominent ventral hairs on the second foliage leaf which 
has formed two pairs of lateral leaflet primordia (second foliage leaf: 214.5 /x X 286 ju. 
X 118). 

Fig. 25. Ventral -lateral aspects of the third foliage leaf and the primordium of the 
fourth foliage leaf, at the growing point, May 3. A developmental stage following that 
shown in Fig. 24. Note the characteristic decrease in size of the successive pairs of lateral 
leaflet primordia in the third foliage leaf which is rapidly forming dorsal and ventral hairs. 
The primordium of the fourth foliage leaf as yet shows no distinctive ontogenetic charac- 
teristics (third foliage leaf: 250.25 ;x X 393.25 fx. X 90). 
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Fig. 26. Ventral aspect of the first foliage leaf dissected from a bud on May 8. All 
of the hairs have been omitted in order to show the finger-Hke form of the young leaflets 
and the initiation, in the uppermost leaflets, of blade development by the appearance of 
ventral meristematic weals. Note the prominent development of the basal region of the 
leaf at this stage in ontogeny (929 fi long. X 43). 

Fig. 27. Ventral aspect of a foliage leaf dissected from a bud on May 13. A signif- 
icant stage in development following that shown in Fig. 26; as before, all hairs have been 
omitted. Each leaflet now consists of a clearly demarcated midrib and a rapidly growing 
blade region. In the latter, closely-crowded, transverse ribs, corresponding to the main 
lateral veins of each leaflet, are appearing in acropetal succession. Notice the acuminate, 
rapidly elongating apices of the leaflets. The basal region of the leaf is growing slowly in 
basal width and thickness (i mm. long. X 46). 

hiG. 28. Ventral aspect of the fifth bud scale dissected from a bud on April 18; all 
hairs have been omitted for clarity. Note the prominent, asymmetrical wings which are 
growing most rapidly a short distance above the scale-base. This figure, when contrasted 
with Figs, 26 and 27, emphasizes the utterly divergent mode of growth of the scale and the 
foliage leaf following the critical morphogenetic phases in the ontogeny of these organs 

(429 X 500.5 M. X 88). 
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DEPOSITS OF OIL IN THE JUICE SACS OF CITRUS FRUITS » 

Ward B. Davis 

(Received for publication August 2, 1931) 

In 1926-27, while examining individual juice sacs of Washington Navel 
oranges, the writer observed what appeared to be a globular body containing 
oil drops in the central part of each juice sac. Later Valencia oranges were 
found to contain a similar structure or body. 

rschirch and Oesterle (14) and Biermann (i) have studied the develop- 




Text Fig. i. Portion of a thin tangential section of a grapefruit. The deposits (D) 
are located in the centers of the cross sections of the juice sacs. (Drawn from a photo- 

graph.) 

ineiit of juice sacs of citrus fruits, using the bitter orange for this purpose, 
but they do not mention any oil-bearing structure in the juice sacs. Other 
workers (2, 3, 4, 7, 8, 9, 10, ii, 16) dealing either directly or indirectly with 
the anatomy of citrus fruits do not appear to have seen such a structure in 
the juice'sacs at any stage of development. Tunmann (15) and Molisch (6) 
^ Food Research Contribution No. 118. 

[The Jotirnai for January (19: 1-99) was issued February 3, 1932.] 
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discuss oil bodies, referring to them as elaioplasts, a term of doubtful sig- 
nificance (Sharp, 12). Neither these writers nor Haberlandt (5), who de- 
scribes such deposits in detail, mention any deposit in the juice sacs of citrus 
fruits. That there is oil in the peel of citrus fruits is very well known, but 
its presence in the pulp appears to have escaped notice. The purpose of this 
paper is to direct attention to these oil deposits in the juice sacs, as well as to 
discuss their general nature and distribution. 

In order to determine this distribution, sixty-nine varieties of citrus 
fruits were selected from the plantings of the Citrus Experiment Station of 
the University of California, at Riverside, California. 

Macroscopically the deposits may be best seen by placing against a dark 


Text Fig. 2 . Longitudinal section of juice sacs of grapefruit. Deposits at D. 


background a slice two to three mm. thick, made by cutting a cross or longi- 
tudinal section of the juice sacs as they occur in the locules. In the diagrams 
made from photographs (text figures i and 2) dark spots or streaks which 
appear more dense than the cellular matter surrounding them indicate the 
deposits in the centers of the cut juice sacs. 

By the use of this method, as well as microscopical methods, all but seven 
of the varieties listed in Table i were found to contain the deposits. When 
available, immature and over-mature fruits as well as mature fruits were 
examined. In the varieties examined, if the deposits were present in the 
mature fruits they were also found in the immature and over-mature fruits. 
Eureka and Lisbon lemons contain the deposits in fruit at all stages of de- 
velopment, at least down to that in which the juice sacs are just large enough 
to be examined with the unaided eye. 

The deposits of oil, wax, and granular matter are laid down in such a way 
that in many cells the shape of the entire mass ranges from an elongated 
type, as in grapefruit, to the more or less globular form found in some 
oranges. These masses vary in size and shape, and the oil, wax, and granular 
matter within them vary in amount. Granular matter is abundant in 
grapefruit, but in Bouquet de Fleur, in which wax is abundant, the granular 
matter is scarce. Relatively few of the juice sacs of the IDancy tangerine 
contain the deposits. The deposits are quite prominent in the trifoliate 
orange \Ponciriis trifoliata), its hybrid, the citrange, and in grapefruit. 
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Table I. Deposits of Oil in Juice Sacs of Citrus Fruits 


Variety 

Deposit 

Variety 

Deposit 

Citrus sinensis Osbeck 


Citrus Limonia Osbeck 


Standard Valencia .... 

+ 

Eureka lemon 

+ 

Liie Cxim Gonsf 


Tdsbon Icmnn 

_L 

Parson Brown 


Ponderosa lemon 

4 

Ruby Blood 


Orange lemon 

+ 

Seedling Sweet 


Chinese lemon 

4 

Standard Washington Navel .... 


Sweet lemon 

4 

Budsports of Washington Navel . 


Rough lemon 


I'homson I mproved 

+ 

Palestine sweet lemon 



< *olden Buckeve . . 


Citrus aurantifolia (Christom.) 


Xavelcncia 

-f 

Swingle 


< rolden Nugget .... 

+ ■ 

Tahiti lime 

-f 

Brown Spotted. . . . 

4 " 

Rangpur lime 

+ 

iVustralian 

4 - 

TOisia lime 

4 

Citrus A urantium (L.), Bitter 


Bearse Seedless lime 

+ 

< ) range 


Sweet lime 

+ 

Ikiraguay sour orange 

+ 

Sweet lime 

+ 

Bf)iuiuet de Meur 

+ 

Citrus limetta 

+ 

Brazilian sour 

+ 

Citrus maxima (Burm.) Merrill 


Sour orange variant 

+ 

Round (Hawaii) shaddock 

+ 

Sour orange variant 

+ 

Duncan grapefruit 

+ 

Sour availed variant 

-f 

Frizzelle pink grapefruit 

+ 

S<jur orange variant 

— 

Foster pink grapefruit 


Citrus noitiUs Lour. 


Marsh seedless grapefruit 

-f- 

King orang'C 

4 - 

Triumph pomelo 

4 

Wiihiw-leaf mandarin 

+ . 

Hybrids and Miscellaneous Types 


(,’leineiitine mandarin 

+ 

Microcitrus virgata 

4 

Citrus notnlis var. deiiciosa Swingle. 


Poncirus trifoliata Raf 

+ 

Weshart tangerine 

+ 

Fortunella margarita 

+ 

'rriinhele tangerine 

+ 

Yuzu Japanese orange 

+ 

Dancv tangerine 

+ 

Poncirus trifoliata x Citrus sinen- 


Citrus notnlis var. unshiu Swingle 


sis 

+ 

< Iwari sat suma 

+ 

Citrus mitis x Microcitrus aus- 


Citrus ICehberi \ar. montana 

+ 

tralasica 

+ 

Citrus mitis Blanco 

4. 

Morton citrangc . . . 

4 

Citrus hvstrix DC 

+ 

Savage citrange 

4 

Citrus medial L. 


Rusk citrange 

+ 

t.’iiron commerce 

— 

Colman citrange 

-f 

Italian citron 

__ 

Cunningham citrange 

+ 

Indian citron 


Sanford citrange 

H- 

'Filii 'Fi hi citron 

— 

Limequat 

4 



Shaddock x St. Michael's orange 

+ 



Tangelo 

4 - 

1 


I'hey may also b€^ observed without a lens in many varieties of oranges, such 
as W'ashington Navel, Valencia, and King. Although present in lemons and 
limes, they are relatively less abundant, smaller, and more likely to be over- 
looked. No citrons thus far examined contain them. 

A study of the deposits in temporary mounts of the tissue was possible, 
because in some varieties the mass of cells containing the deposits was easily 
setnired with little injury. After the ends of the juice sacs were cut off, the 
fruit w'as sfiueezed in such a w'ay that elongated masses of cells containing the 
(k-i )osits were forced out of the juice sacs, and were thus available for observa- 
liun in the juice or in winter, in watch glasses with a dissecting microscope, 
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or on a slide with a compound microscope. In all varieties the glistening 
yellowish oil globules could be seen with a magnification of lO to i6 diameters. 
In fact in a few varieties the oil globules were visible without magnification. 

Under higher magnification, the cell walls in the vicinity of the deposits 
appeared thin. The addition of a cover glass to a mount on a slide often 
caused the delicate cell walls to tear apart, causing the collapse of the tissue. 
After the collapse the smaller oil globules flowed together, forming larger 


Text Fig. 3. Cross section of juice 
sac of Eureka lemon, showing the oil 
deposit. X 50. 


Text Fig. 4. The oil deposit of 
a section similar to that shown in 
text figure 3. X 2000. 


ones, and the whole tissue quickly disintegrated, making it difficult to see 
the cell walls. 

The relative size and arrangement of the oil globules may be seen to better 
advantage in histological sections as shown in text figures 3 and 4. The 
tissue was fixed in chromic-acetic-osmic acid solution ^ and the sections were 
cut after being embedded in paraffin. The osmic acid stained the oil black, 
and the cell walls w^ere brought out by staining with light green. In many 
cases, as illustrated in text figure 4, the oil globules were large enough to 
fill several cells. The grouping of the oil globules along the cell w^alls is clear 
in this figure also. This arrangement sometimes makes the tissue con taining 
the deposits appear fibrous under low magnification. It is of interest to 
note that the deposits occur entirely separate from fibro vascular tissue. 

This study is preliminary to a chemical investigation of the deposits and 
tlieir effect on the flavor and keeping quality of juices expressed from 
citrus fruits. 

lluinks are due to Dr. H. J. Webber and other members of the staff of 

‘ A meiluMl suf4‘4ested by Dr. C. J. Chamberlain. 
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the Citrus Experiment Station, University of California, Riverside, Cali- 
fornia, for material and for aid in selecting citrus varieties from the plantings 
at the Station, and to the Botany Department of the University of Southern 
Califoinia at Los Angeles, for the use of histological apparatus. 

Bureau of Chemistry and Soils, 

United States Department of Agriculture, 

Los Angeles, California 
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TOE GAMETOPHYTES OF SELAGINELLA KRAUSSIANA 
I. THE MICROGAMETOPHYTE 


Rodney A. Slagg^ 


(Received for publication August 15, 1931) 

The purpose of the present studies has been to obtain, if possible, a more 
reliable account than is at present available of gametoph3.^te development in a 
single species of SelagineUa, directing attention especially to the male 
gametophyte whose developmental story is less clear, Siiciginella Kraus- 
siana (Kze.) A.Br. was selected, since material was available readily in 
quantity, and since it is a species used widely as laboratory material in 
colleges and universities. 

Previous Work ok the Microgametophyte 


The first thorough study of the development of the microgametophyte 
in Selaginella was made by Millardet (14, S. Kraussiana). After breaking 
away the outer wall layers of the microspore, he observed through the 
transparent endospore the formation of a prothallial cell (text fig. i) and of 
an eight-celled antheridiuni. Within the antheridium, in a manner unknown 
to him, arose two cells which formed a mass of spermatogenous cells. These 
then compressed and resorbed the jacket cells, and gave rise to antherozoids 
(text fig, 2). The prothallial cell remained intact. 

Pfeffer (15, S. Martensii, S. caulesceus) removed with acids the outer 
wall layers of the microspores, and through the endospore observed the 
formation of a prothallial cell and of an eight-celled antheridium (text fig. 3). 
He found, however, an orientation of walls wholly different from what 
Millardet had found, and he did not determine the succession of the walls. 
Moreover, except for the prothallial cell, all cells of the microgametophyte, 
including the jacket cells of the antheridium, served as primary spermatoge- 
nous cells, the primordial walls remaining intact. A very thin layer of slime, 
whose origin Pfeffer did not explain, collected eventually between the aii- 
therozoid mother cells and the old spore wall. Checking his revolutionary 
findings by examining some microgametophytes of S, Kraiissuma, he was 
obliged to confirm Millardet s observations on that species. 

Belajeff (i) examined ten species of Selaginella, and found them classifi- 
able into two groups on the basis of microgametophyte development. 
(h'(nq) I included 5 . Kraussiana and S, PouUeri; Group If, the remaining 
eight of the ten species which he examined. Microspores of Ch'oup I had 
sj)r)re u'alls of three layers; microgametophytes developed tlieir antheridia 
^ 'Hie iiiuimeiy death of Dr. Rodney A. Slagg occurred on August 9, 1931. 
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practically in the manner described by Millardet and confirmed by Pfeffer 
(text fig. 4), formed four inner (primary spermatogenous) cells, and one 
complex of antherozoid mother cells. Microspores of Group IT had spore 
walls of only two layers; microgametophytes developed their antheridia in a 
mannei somewhat similar to that of Group I, formed only two primary sper- 
matogenous cells, but formed two complexes of antherozoid mother cells. 
In Group II the walls of the antheridial jacket were placed at angles different 


4 

Figs. I”5. 1-2 After Millardet. Redrawn from Sachs’s '‘Lehrbuch der Bota- 

nik,’’ 2nd ed. i. Ripe microspore, freed of the exospore. At “zi” the vegetative cell. 
2. Cellulai structure within the microspore; half-schematic; the single lines indicate the 
ceil walls of the antheridium, the inner dark portion the cells from which issue the sper- 
matozoid cells. 3. Redrawn after Pfeffer (15). Microspore showing the divisions of the 
endospore. 4. Redrawn after Belajeff (i). Germinating microspore in side view. From 
the cells of the second and third segments, the inner cells have been cut off. 5. Redrawn 
aftei Miss Lyon (13). Section showing the two cell complexes and their relation to the 
dissolving proteid masses by which they are enveloped. The masses of food matter are 
separated by strands of protoplasm. 


iiom those of Group I. In both groups the jacket cells disintegrated even- 
tually, and the antherozoid mother cells floated free in the slime thus 

produced. 

Miss Ly^on (13), for S. apus^ gave an account of microgametophyte de- 
velopment widely different from the accounts of previous workers; and for 
the American form’’ of S. Kraussiana she found “the sequence of events 
identi(*al with those that obtain in S. apus.'' She questioned the certainty 
that “the species of Selaginella called Kraussiana in America is the identical 
one known by" that name in Europe.” In S, apus a wall-less prothallial cell 
was f(irmecl, then two cells were formed by free cell formation centrally in the 
old spore cavity. The protoplasm which enveloped the central cells sent out 
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“radiating processes which incompletely divided the spore cavity into 
irregular chambers, each of which was filled with granular masses of various 
shapes and sizes.” The two central cells built up two uniform masses of 
antherozoid mother cells which at length floated in a slime produced by the 
disorganization of the food granules (text fig. 5). Jacket cells were not 
formed. Miss Lyon, having obtained her findings after the first use, by 
any worker on this problem, of modern technical methods, left it an open 
question as to how much the discrepancies were “due to differences in 
methods of technique, rather than to specific characteristics.” 

Campbell (6, 7), after re-investigating microgametophyte development 
in S. Kraussiana, was certain that “the masses surrounding the groups of 
sperm cells” were “cells, and not merely structureless masses of food-stuff 
developed In vacuoles” (6). He could not demonstrate nuclei in these 
cells, however (6), and made no attempt to verify the succession of the walls 
(7).. He insisted that “the formation of the groups of sperm cells by a 
process of free cell formation” . . . was “improbable, and must be posi- 
tively demonstrated before it can be accepted” (6). 

Materials and Methods 

The material for the present studies was obtained from the greenhouses of 
the Botany Department of the University of Wisconsin during the summers 
of 1929 and 1930. Specimens submitted to Dr. G. L. Grant of the Missouri 
Botanical Garden and to Mr. A. H. G. Alston of the British Museum 
(Natural History) were by both authorities identified as S. Kraiissiana , 
Mr. Alston kindly furnished a complete synonymy of the species, giving the 
final determination as 5 . Kraiissiana (Kze.) A.Br. 

Strobili of as many stages of development as could be selected were 
picked and fixed in various fixatives. Also the entire sward was clipped and 
the plants laid to dry In covered trays lined with paper. Dehiscence of the 
sporangia threw out the spores which sifted to the paper, whence they could 
be gathered. Sowings of the spores were made on moistened Plaster of 
Paris blocks kept standing in distilled water in pans covered with glass and 
out of bright sunlight. After ten days, portions of the material were col- 
lected at one-day intervals and fixed in various fixatives. 

Flemming’s weaker and medium strength fixatives and formal -acetic- 
alcohol all gave satisfactory results; less so, Carnoy’s fixative and Benda’s 
fluid. Of the latter two, Carnoy’s gave good fixation, but staining was 
unsatisfactory after its use; and Benda’s did not seem to fix well. In at- 
tempts to find division figures, two collections of material were fixed, as 
Miss Lyon (13) suggested, in boiling hot fixatives, one of Flemming’s 
weaker fluid, the other of formalin-acetic acid-corrosive sublimate. 

f re(]iiently considerable difliculty was exp>erienced in getting satisfactory 
iniihratinn by paraffin. Even when infiltration seemed satisfactory, ma- 
teria! in older stages of development proved difficult to section. Attempts 
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were made to aid infiltration and sectioning by treating fixed material with a 
one-half to one percent solution of hydrofluoric or hydrochloric acid. Either 
acid aided considerably, producing only slightly deleterious effects on the 
protoplasm. Good results also, from the standpoint of sectioning, were ob- 
tained after the use of a one-fourth to one-half percent strength of Jeffrey’s 
fluid, and there was only slight plasmolytic or disintegrative effect; but even 
a brief exposure to weak solutions of Schultze’s fluid was ruinous. An at- 
tempt was made to adapt Williamson’s cellulose acetate method to the 
purpose, but while softening occurred and good sections could be cut, its 
action was too violent upon the protoplasm for it to be helpful. Softening 
and good sectioning could be accomplished also after the use of one-half per 
cent strengths of caustic soda or caustic potash. 

W hen Pfeffer’s method (15) of removing the exospore was tried, micro- 
spores were immersed for from twelve to sixteen hours on a glass slide in a 
drop of highly concentrated chromic acid, to which had been added “a little” 
sulfuric acid. Wfliile the exospore could be removed by this method, the 
action of the acids upon the protoplasm was so violent that the method 
seemed worthless. Finally the use of all softening agents was abandoned for 
the added reason that even prolonged washing, continued at times for more 
than three days, failed apparently to remove completely the chemicals, since 
normal staining reactions were not obtained. 

The method of Millardet (14) and of Belajeff (i) was attempted; viz., that 
of rolling the mounted specimens beneath the cover glass until the exospore 
was loosened and removed, then treating the material with potassium iodid- 
iodine solution and making observations through the endospore. The writer 
found, as did Miss Lyon (13), that this was ‘‘a tedious performance whose 
results hardly repaid the effort.” 

Xylol proved undesirable as a paraffin solvent. It seemed to make the 
wall layers of the microspores more brittle and to cause the protoplasts to 
collapse. Even the precautions observed by Miss Lyon of passing the ma- 
terial from pure alcohol to pure xylol in seven steps, each taken after a 
tw^enty-four-hour interval, did not wholly prevent the defect. Chloroform 
w-xis substituted. 

A collapsed condition, traced to the time of introduction of the paraffin, 
was overcome by adding the paraffin of low melting point in finest shavings 
very gradually over a period of four or five days until the point of saturation 
at room temperature was reached. The material was then passed through 
paralfin of melting point 45° C. into paraffin of melting point 52° C., then of 
58® C., in which it was allowed to stand for from two to three weeks. 
Prolonged soaking of the paraffin blocks in water, say for a period of three 
months or more, greatly facilitated sectioning. For cutting, there was used 
a knife of specially hardened steel, such as one ordinarily uses with a 
freezing microtome. 

Liificulty was experienced in the making of ribbons, in that the sectioned 
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material tended to fall from place. Dr. H. Duerden of Birkbeck College, 
London, recommended in a personal letter a modification of Miss Lyon’s 
procedure. The paraffin was removed from the oven at 58° C., and the 
temperature raised a little by warming briefly over a flame. Material was 
then poured quickly into the embedding dish and cooled rapidly in ice water. 
Microgame tophytes were sectioned at four microns. 

Chlor-calcium-iodid and chlor-zinc-iodid were used in tests for cellulose; 
Millon’s reagent, in the test for protein. Flemming’s combination of safra- 
nin, orange G, and crystal violet was used most frequently for staining, al- 
though some preparations were made with acid fuchsin alone, and some with 
a combination of methyl green and acid fuchsin counterstained with ery- 
throsin. 

Microspores 

The close union of microspores in tetrads (PI. V, fig. 9) frequently has 
not been disturbed even by dehiscence of the microsporaiigia. This habit 
of clinging together leads to the peculiar fashioning of the microspores. 
There is a doming of their free surfaces and a flattening of the surfaces of 
contact. Thus a ripe microspore freed from a tetrad (fig. 10) has somewhat 
the form of a tetrahedron; its base, however, is rounded. 

In attempting to visualize the locations of cells or the direction of planes 
of cleavage in a developing microgametophyte, it is helpful to keep in mind 
the peculiar construction of the microspore. One may designate the tri- 
hedral angle as the apex of the microspore, the rounded surface as the base? 
and the plane surfaces as apical faces. Pfefl'er (15) designated the three 
ridges diverging from the apex as apical ridges, and the less clearly-defined 
ridges formed where the three apical faces merge into the domed base as 
annular ridges. It is convenient to refer to the ill-defined points where 
apical and annular ridges meet as lateral coigns, and the axis passing from 
apex to base as the main axis of the microspore. The entire portion of the 
microspore above the level of the annular ridges will be designated the apical 
'dialf,” and the portion below that level as the basal “half.” 

The base of the microspore is covered thickly with spines of varying 
lengths. Some are mere papillae ; commonly there are others having a length 
equal to, or greater than, one-fourth of the diameter of the microspore. 
Some spines are straight and awl-shaped; others are crescentic; others, 
branched. From the three apical faces, spines are practically absent. 
Along each apical ridge runs a seam which may gape slightly, especially in 
sowed microspores (fig. 10); but in microspores still contained within the 
microsporangium, the seam is more apt to be puckered into a longitudinal 
crest (fig. 7), which in section appears like a nipple (fig. 17). The outer 
layer f)f the microspore wall thins at the apex to about half its thickness 
elsewhere (PL VI, fig. 19); and due, apparently, to crowding within the 
mi('rosjK)rangium, some microspores ma}^ be compressed into cn'oid form 
oig. joi. I'he j>lane of section of prepared mounts can usually be deter- 
minc'd oactly when all these facts are considered. 
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Microsporangia 

By the time the microsporangia have attained a diameter of 85 fi (PI V 
hg. I), one readily distinguishes in them three regions: wall, tapetum, and 
sporogenous tissue. The wall is uniformly two layers of cells in thickness, 
e outer cells columnar in shape; the inner, decidedly tabular. Tapetal 
cells also at maturity are columnar, the width of the tapetal layer equalling 
01 surpassing that of the two layers of wall cells combined (fig. 2) . Sporoge- 
nous cells are recognizable by their thicker, more darkly staining walls 
(.ng. ij, and their more abundant, more deeply staining cytoplasm. 

Denke (8, S. Emthana) reported and figured for division of the tapetal 
cells that the orientation of the spindle would lead one to expect a transverse 
lyision of the cells, yet longitudinal division ensued. But in all of the 
mitotic figures encountered by the present writer in the tapetal cells of 
. Kra^lss^ana .{text fig. 6), only transverse orientation of the spindle oc- 
curred. Bower reported concerning sporangia: “Abortive sporangia are to 
be found at the base of the strobilus ” (3). In A. Kraussiana abortion of the 
apically placed microsporangia also is common. This abortion may be 
complete (text fig. 7), or only partial (text fig. 8). In the latter case some 
microspore mother cells produce apparently normal microspores. 

_ When the microspore mother cells float free in the fluid contents of the 
microsporangium (PI. VI, fig. 2), they number about 175, and if each should 
form a tetrad of microspores, the total output per microsporangium would be 
about 700. It seems that this number is never attained, however. Many 
of the microspore mother cells fail to divide, and in some sections in which 
microsporogenesis seems completed, they may be seen still lying among the 
tetrads. Eventually such microspore mother cells disintegrate. The total 
output of microspores per microsporangium is about 600. 

Not only does abortion occur in microsporangia and in many microspore 
mother cells, but also m many microspores. Frequently one, two, or three 
o t le membeis of a tetrad fail to develop; or one finds whole tetrads, the 
separation of whose members was never completed (PI. VII, fig. 32) . In such 
casjs the protoplasts are missing, and the tetrad is merely a group of empty 

Maturation of the Microspores 
microspore mother cell just previous to division (PL V, fig. 3) is almost 
isodiametnc, and possesses abundant and finely reticulate cytoplasm in 
whirli a few granules occur. The nucleus contains a large, centrally placed 
bnghiK- staining nucleole, and a large amount of clear nuclear sap. Only 
meager strands of chromatin-linin are demonstrable. About each micro- 
spore mother cell appears a delicate, scarcely stainable wall. 

Xo attempt \yas made to work out the cytological phenomena involved in 
nuerosporogenesis. hlxcellent synaptic figures (fig. 2) were encountered in 
t he niKTospore mother cells, and occasionally a fairly typical division figure 
In .111 one or the other reduction division. Commonly, however, karyokinesis 
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Text Figs. 6. Portion of wall layers and tapetuni of microsporangium (X4500). 

Mitotic figure in tapetal cell. 7. Wholly aborted microsporangium (X 200). <S. Partially 

aborted microsporangium (X 200) containing a partial complement of apparenth’ normal 
microspores. 9-14. Schematic. 9. Division of microspore into prothallial and antheridial 
cells. 10, Bisection of antheridial cell. The first primordial wall .separates the longihidiunl 
hakes, ii. The second primordial wall arises near the level of the annular ridges. “ Ouad- 
rant stage” of antheridium. 12. Longitudinal section of microgametophyte taken along 
plane of first primordial wall. Thus one-half of the third primordial wall is seen separating 
the proximal, smaller from the distal, larger cell. 13. Fourth primordial wall appears, 
i.p Periclinal walls arise, delimiting the two primary spermatte^enous cells of each longi- 
tmlinal half. Cf. Fig. 31. 15. Longitudinal section of bud tip, showing mitotic figure. 
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seemed irregular. Spindles were ill-formed; chromosomes lagged, and failed 
even to be included in the re-organized daughter nuclei; and portions of 
(apparently) chromatin material were rejected into the cytoplasm (fig. 5). 
No dependable chromosome count could be made, since chromosomes are 
very small, and some resembled so closely other granules in the cells that 
unmistakable identification of them was impossible. 

The four microspores remain for a time enclosed as a group by the frail 
microspore mother cell wall (fig. 6). This becomes transformed, apparently 
largely by deposits from the tapetal fluid, into a common exospore about the 
tetrad (figs. 14, 32). By infolding of the exospore along the planes estab- 
lished during cell division, the microspores are finally parted. The triradiate 
apical ridges of each microspore become surmounted by seamed crests com- 
prised of the united edges of the infolded, sheathing exospore (figs. 7, 8). 

The exospore is at first smooth. When the microspore has enlarged to a 
diameter of about 20 fx, papillate projections appear upon the outer surface. 
These grow into long spines. 

Sectioned material shows now a new wall layer, the endospore, within the 
exospore, the two layers not in close apposition (fig. 14). During growth of 
the microspore, the exospore outstrips in growth the endospore, and the gap 
between the two becomes widened. Apparently, too, the endospore may 
grow faster than its included protoplast, leaving the latter suspended as a 
vesicle at the apex of the microspore (fig. 14). Later the protoplast over- 
takes the endospore (fig. 17), but an imperfect union between the wall layers 
always persists (figs. 20, 26, 29), and explains the ease with which the exo- 
spore may be removed by rolling mounts beneath the cover glass. 

A microspore at the time of completion of a tetrad (fig. 6) has a main 
axis of about 5 /x length. The arc of its base is somewhat more than twice as 
long. The microspore possesses scanty cytoplasm which is rather broadly 
ret irulate ; the vacuoles are turgid with a clear sap. The nucleus is relatively 
large (I) == 2 /x) and spherical, and occupies an approximately basal position. 
A nucleole may be lacking, or one or more small nucleoles may be present, 
(liromatin-linin forms a scanty reticulum, more densely aggregated locally. 

During the infolding of the exospore and the growth of the spines, the 
protoplast undergoes a series of changes. A large central vacuole appears 
in the ('vtoplasm, which is thus forced to a peripheral position (fig. 14). 
Here it appears in meager amount, frail, finely reticulate, and only slightly 
stainable, but possessing a few’' scattered granules which stain brightly with 
safranin. The nucleus has now migrated to an apical position, and becomes 
sc|ueezed into an ovoid form by the turgor due to cell sap. 

( iradualK' the cytoplasm increases in amount, decreasing the size of the 
central vacuole (fig. 16). The nucleus resumes its spherical form, and 
migrates along the wall (figs. 17, 18) to a basal position. The diameter of 
the ntu’rospore is now about 33 ju. 

('liaiK'L* sections (fig. 16) indicate that during the rapid growth of the 
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Spore coats, the protoplasmic vesicle is not always left suspended in an apical 
position, but may cling to the base of the microspore. Fitting (9) reported 
the same position taken by the protoplast of the macrospore of 5 . spinulosa, 
where the basal position was the usual one, although any chance position 
might be taken. 

Marked anabolism now occurs in the protoplast. The central vacuole 
becomes wholly obliterated by the cytoplasm, which becomes denser and 
more finely reticulate, and stains deeply (PI. VI, fig. 19). Numerous small 
granules appear, and the contents of the vacuoles become extremely turbid. 
Application of Millon’s reagent to the granules shows them to be protein- 
aceous. It is extremely difficult at this time to prepare a section cut at even 
three microns in such a way as to show sharpness of detail. 

That the increased anabolism of this period has made heavy demands 
upon the reserve food of the microsporangium is indicated by the fact that 
the tapetal layer wholly disappears, except for an occasional nucleus. The 
marked anabolic phase seems to be one of relatively longer duration than 
any phase which has preceded, or which immediately will follow, for sections 
showing the above-described conditions are obtainable almost certainly 
from any strobilus, while other given stages are less apt to be found. 

Eventually the cytoplasm becomes clearer. Clarification ma}^ be due in 
part to the aggregation of the great numbers of protein granules into the 
fewer, larger protein crystals which begin to appear, each surrounded by a 
film of cytoplasm. In optical section the crystals appear usually polygonal, 
but they are sometimes crescentic, or irregular. They stain brightly with 
safranin, as do also the large nucleoles and the inner wall layer. 

Initiation of the Microgametophyte 

The nucleus migrates now apexwaird along the wall of the microspore to a 
position near one lateral coign (fig. 15). Here the first nuclear di\'ision oc- 
curs. One daughter nucleus moves to the center of the old microspcjre ( fig. 
20), the other remaining as the nucleus of the prcdhalUal cell. I'his cell 
becomes enclosed from the center of the old microspore !)y a thin, doming 
'‘wall.” ^ The entire remaining contents of the old microspore constitute 
the cell, which has a diameter ten to tweh^e times that of the 

prothallial cell (PI. VI, fig. 20; text fig. 9). 

The antheridial cell becomes bisected, and a wall is formed which passes 
vertically through the main axis and intersects, or just fails to meet, the wall 
of the prothallial cell (figs. 21-24; text fig. lo).** The daughter cells formed 
by this division now divide, and curved wTills are formed, coru'cx dowmward, 
\cliich cut the main axis at about the level of the annular ridges (PL VI I, fig. 

“ The author is uncertain concerning the nature of this iiniiting structure, and of other 
‘’ualls” t(j I'jc lueiitioned hereafter. See “ Discussion.’’ 

ilereai'ter this wall will be designated the first primordial imlL The two lialves of 
iIh* niicr()gaiiu;{(>i)hyte which it separates will be designated the longitudinal hakes. 
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v 'u , u® ® intersect the wall of the prothallial cell, or pass 

slightly above it. They coincide with each other near the middle of the 
first primordial wall, and together form one slightly curved wall, convex 
ownward (text fig. 1 1).'' A median vertical section of a microgametophyte 
taken now at right angles to the first primordial wall, shows the old antheri- 
dial cell to be unequally “quartered” (fig. 26). 

Of the four cells derived from the former antheridial cell, only the two 
occupying the top “half” continue to divide. The first division of these 
cells has not been encountered by the writer. The positions and intersec- 
tions of the walls present after the second division, however (fig. 27), make 
^ Ik’” ™ode^ of the first division. There was formed in each of the two 
cells of the top half” an arching wall concave to the prothallial cell. These 
walls extended from the old spore wall about midway between the prothallial 
cell and the apical coign,® and curved to meet the second primordial wall at 
a jout the latter s middle (textfig. 12). The new arching walls coincide with 
each other where they intersect the first primordial wall.® There are now 
present in each top “quadrant ” of the microgametophyte two cells. One of 
these is smaller and proximal to the prothallial cell; the other is larger and 
distal from it, and arches over the smaller cell (text fig. 12). 

Each larger cell in the top “half” now divides, and an arching wall is 
formed which extends from the spore wall midway between the apex and the 
level of the annular ridges, and curves to meet the third primordial wall 
slightly below Its middle (fig. 27; text fig. 13). These new-formed arching 
■wa s also coincide with each other where they intersect the first primordial 
vva . Disiegarding the prothallial cell, there are now present in each 
longitudinal half of the microgametophyte four cells. One is a large basal 
ce.l : the other three are smaller, and with respect to each other are placed 
as il two were the daughter cells of the third which has the appearance of 
being a parent apical cell (fig. 27; text fig. 13). Including the prothallial 
cell, there are now present within the old spore wall nine cells. 

rhe two most apically located cells of the microgametophyte usually 
underp no further divisions. The nucleus of each invariably is found lying 
dpp in the “trough” between the arching walls of the underlying cells 
(tigs. 27, 30, 33). Each of these underlying cells now divides, and there are 
lormed about the products periclinal walls, each curved in harmony with the 
old spore wall (figs._ 28-29; text fig. 14). The new periclinal walls extend 
irom the second primordial wall and curve upward, meeting, respectively, 
eithet the third or the fourth primordial wall; and each periclinal wall of one 
longitudinal half coincides perfectly with its counterpart in the other longi- 
tudinal half along their common intersection with the first primordial wall. 
Disregarding the prothallial cell, each longitudinal half now contains six 
‘ I lereaUer this wall will be designated the second primordial walk 
'' I liai IS, this would seem to be its source if viewed in a section prepared like fig. 27. 

*' logether they will be referred to as the third primordial walk 
1 ogeiher they will be reierred to as the fourth primordial walk 
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cells: four are jacket cells, and these enclose the two rather spherical quad- 
rate cells, which are primary spermatogenous cells. The longitudinal halves 
impress the observer as being mirrored counterparts of each other. An 
entire microgametophyte at this stage of development contains thirteen 
cells: four primary spermatogenous cells, eight jacket cells, and the prothal- 
lial cell (fig. 31). The prothallial cell has undergone no division since its 
formation. 

At the thirteen-celled stage there comes a pause in the development of the 
microgametophyte. Like the basal-nucleate” stage in the microspore, 
this thirteen-celled stage in the microgametophyte is one of stability and 
longer duration. An observer is almost certain to get from a sufficiently 
old strobilus sections which show the thirteen-celled stage of the microgame- 
tophyte; but it requires much tedious sectioning to make preparations show- 
ing the various stages between the ‘'basal-nucleate” stage and the thirteen- 
celled stage. 

Dehiscence of the microsporangia and dissemination of the microgame- 
tophytes occurs usually at a time when the majority of the microgameto- 
phytes in any one microsporangium have developed to the thirteen-celled 
stage. Owing to differences in the rate of development, vsome microgameto- 
phytes are shed at an earlier stage, and some may be retained in the micro- 
sporangia until development has progressed much farther. 

Further development is concerned chiefly with changes in the central 
complex of spermatogenous cells. Each primary spermatogenous cell di- 
vides, and there are formed two four-celled tiers of spermatogenous cells 
(PI. VIII, fig. 33). Divisions then occur rapidly and with no discovered 
regularity (figs. 34-36). The nuclei decrease in size for a time with each 
succeeding division. At first the complex has a rather ovoid form (fig. 34), 
but gradually it becomes spherical (fig. 37). Median longitudinal sections 
through a microgametophyte, made in the plane of the first primordial wall, 
show a cleavage through the central complex at right angles to the first 
primordial wall and parallel with the main axis (fig. 36) . Trans\'erse sec't i< ins 
made at the level of the annular ridges show two cleavages meeting at ap- 
proximately right angles (fig. 37). One cleavage lies in the plane of tlie 
first primordial wall. Obviously the products of all four primary sj)ermatog- 
enous cells maintain themselves for a time as genetic groups. Hut the 
groups are visible only temporarily; eventually the cleavages become in- 
detectible, the entire spermatogenous complex appearing as a more or less 
.spherical mass (fig. 38). 

In the meantime the protein crystals in the jacket cells disappear (figs. 
34''3fi)j tind large vacuoles filled with a clear fluid arise in tlie c\'toplasm. 
A c'iear fluid zone appears about the central complex also, replacing tlie 
t'\ toplasm of the jacket cells, and giving the appearance that the latter are 
being digested by the spermatogenous cells (figs. 34~35). 'bhe fluid seejis in 
ber ween the spermatogenous cells, first along the iilanes of clea\’age just 
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described, parting into visible groups again the cells of the complex. Gradu- 
ally the fluid seeps among all of the cells, so that finally the genetic groups are 
disoiganized still there is maintained a fairly close spherical association of 
all ot the cells during continuance of their multiplication (fig. ,8) The 
walls between the jacket cells seem more resistant to disinte^ti than 
does the cytoplasm, and they remain intact for a time. Vacuoles do not 
extend through the planes 111 which they lie. Nuclei are still more resistant 
t an the walls, and even after all trace of the walls between jacket cells has 
disappeared, nuclei, apparently intact, still float in the slimy envelope around 
the central cells. At length the sphere of spermatogenous cells floats free, 
somewhat apexward within the old spore wall, in the slime which occupies 
practically the entire lumen. Only the collapsed prothallial cell and vestiges 
oi the cytoplasm of the jacket cells remain. 

The prothallial cell remarkably resists complete disintegration, yet com- 
monly it IS found m a collapsed condition, its once doming wall depressed 
like a bowl (figs. 36, 37). This condition is encountered sometimes even in 
very ear y stages of the microgametophyte (fig. 21). Usually, eventually 
the prothal lal cell disintegrates completely, no trace of it appearing when 
antherozoids are formed. In only a few instances were there found uncertain 
vestiges of the prothallial cell during the period of spermatogenesis. 

1 he ultimate divisions of the cells of the central complex give rise to the 
antherozotd mother cells. These comprise the spherical complex at the time 
that It is dissociated. A count of the cells comprising a fully-developed 
sphere gives, therefore, a check on the number of antherozoids formed 
This number was found to be 256. After the antherozoid mother cells float 
apart (fig 39), spermatogenesis occurs (fig. 40). A count of the antherozoids 
as they lay thus dispersed, each coiled about its protoplasmic vesicle 
again showed 256 per microgametophyte. Miss Lyon (13) found about 128 
m 6. apM and Millardet (14) reported between 500 and 3000 in A. Kraus- 
I'^umber seems to the present writer to be unbelievably 

PI f '‘""I- f microgametophytes have been sowed on moistened 

I Ulster ot I aris blocks, the first fully developed antherozoids emerge. In 
a lout three weeks after sowing, all of the microgametophytes have ruptured 
the enclosing walls. The process of dehiscence and extrusion of the anther- 
ozoids may be aided by lightly pressing the mounts beneath the cover glass. 
Kuiiture ot the spore coats occurs along the seams above the three apical 
ndges. I he slime within the old spore walls is expelled either in one mass 
or m little puHs, and the antherozoids are carried out. Usually they are still 
I oiled about a vesicle of cytoplasm. This they soon cast off and swim away 
rajiKll^-. I he body rotates, and movements are random dartings. Material 
pin aside and re-examined from time to time showed that after twenty 
minutes to lialf an hour activity ceased. 
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Discussion 

The abundant inclusions in the cytoplasm, particularly of the jacket 
cells, makes difficult at times the interpretation of sectioned material. The 
protein crystals especially stain strongly, and are apt to obscure the nuclei. 
It was not until sections were made at three and four microns that the true 
cellular nature of the jacket was determined. 

Protein crystals were never present in the central cells in their later 
stages, but occasionally a few crystals were encountered in the primary 
spermatogenous cells (fig. 28). In the jacket cells crystals were for a time 
large and abundant, but as development proceeded they diminished in size 
and number. There has been nearly unanimous agreement that they consti- 
tute a food reserve. The first small granules seen by the wiiter occuiied in 
the cytoplasm of the microspore mother cells. Denke (8) thought that the 
granules at this time represented materials to be contributed to spindle 
formation, since they disappeared upon initiation of the kinoplasmic threads 
and reappeared in the daughter cells. He never, however, detected an 
actual extension or aggregation of these granules into threads. It seems 
rather that even at this time the granules may represent a food reserve, 
broken down during mitosis, and replaced by anabolism later. They stain 
like the more abundant and larger protein crystals which occur in the micro- 
gametophyte. 

Since the jacket cells of the antheridium undergo a disintegration which 
keeps pace with the multiplication of the spermatogenous cells (figs. 34 '31^)' 
it seems clear that it is they which contribute the slime in which later the 
antherozoid mother cells and antherozoids float. This was the \'iew of 
Millardet (14) also, and of Belajeff (i). While Pfelier (15) observed that a 
thin layer of slime collected between the antherozoids and the old spore wall, 
he did not explain its origin. The jacket cells of the antheridium he inter- 
preted as sharing in the production of antherozoids. Mlieir walls remained 
intact distinct among the spermatogenous cells, rndoubtedly ^as Belajeff 
has pointed out) Pfeffer observed the microgameto[)hytes too late in their 
development. Two weeks after sowing, the divisions of the inner (si)ernia- 
togenous) cells easily might have been mistaken for di\4sions of the cells of 
the antheridial jacket. The thin film of slime may ha\-e been realh- tlie 
remains of the jacket cells which Pfefier failed to see, Alsfi Pletier s treat- 
ment of the old spore coats with chromic and sulturic acids may have had 
a bad effect (Belajeff, i) ; but Belajeff’s assertion that Pfeffer “die Sporen bhw 
von einer Seite beobachtet hat” (i) seems unfair, for Pfeifer described and 
figured microgametophytes in many views. Moreover, emplo\hng identic'al 
methofls of observation upon microspores of 5. Krausmina , Pfeffer ('onfirmed 
Millardet's account (1:4) of microgametophyte development in that species, 
and with this account, in its main outline, Belajeff and the present writer 
agrt*e. Since Belajeff and Pfeffer differ so widely regarding microgamelo- 
pliVK* de\ elopment in S. Mariensii and *S. caulescens^ it must be lelt to liUure 
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researches, employing modern technical methods, to determine the true de- 
velopmental story in these two species. Miss Lyon (13) believed that in 
S. apus the slime within the old microspore wall arose by a disorganization 
of food granules in the vacuolate cytoplasmic envelope around the central 
spermatogenous complex. In 5 . Kraussiana she found an identical se- 
quence of events. But the certain demonstration of the existence of a 
cellular jacket in S. Kraussiana makes now imperative a re-examination of 
the microgametophytes of S. apus. 

Millardet (14, 5 . Kraussiana) , Belajeff (i, S. Kraussiana), and Pfeffer 
(15, S. Martensn, S. caulescens) state that the prothallial cell, with cellulose 
wall, persists until the discharge of the antherozoids. Miss Lyon (13, 5 . 
apus) found no wall at all around the prothallial cell. The present writer 
finds a frail wall, but in it no evidence of cellulose. This may explain its 
shorter duration than others reported. 

Bruchmami (5) prefers to designate as rhizoidal cell what others have de- 
nominated prothallial cell. He would homologize it with the rhizoidal humps 
of SelafJneUa macrogametophytes, and with the rhizoidal cell formed by 
germinating fern spores. While it is true that the first cell formed by a 
germinating fern spore is located within the spore wall in a position fairly 
homologous to that occupied by the first cell formed in a germinating Sela- 
ginella microspore, the position alone hardly warrants homologizing the 
two cells morphologically. In the shape of the antherozoid of Selaginella, 
as described by Roze (16) and Belajeff (i), there would seem to be an indica- 
tion that the affinities of Selaginella, as revealed by its gametophyte genera- 
tion, are with the bryophytes and not with the ferns. Bower (3) has shown 
that the sporophyte, also, of the lycopods suggests bryophytic affinities, and 
Jeffrey (12) has shown that the Lycopsida differ fundamentally in their 
anatomy from the Pteropsida. It would seem more valid to homologize 
morphok>gically, on the basis of homologous position, the first-formed cell of 
the microgametophyte with the rhizoidal humps of the macrogametophyte. 
In Stitigiuella species one deals then with the germination products of two 
spores deri\'ed perhaps from an identical plant. If, as may be, heterospory 
has evolved from an ancestral homosporous condition (3), then one might 
iA])e<i see emerge, during development of each type of spore, some com- 
mon structure. It may be emphasized that in the macrogametophyte of 
ScUigineUa, it is uniquely a hump of prothallial cells which arises at each lat- 
eral <‘oign f Bruchmann, 4), and from these prothallial cells the rhizoids arise 
later as specialized structures. In some species (e.g., S. Kraussiana) 
rhizoidal humps are formed only rudimentarily ; some humps may bear no 
rhizoids at ail. It seems clear that in the process of evolution, it is the pro- 
tlialiiiun which would be retained as a vestigial organ, and not the rhizoids, 
and there is little warrant for abandoning Millardet’s early designation as 
prolhailial cell the first meniscoid cell of the microgametophyte. 

Idinhermore, Bruchmann (5^ reviewing the work of Belajeff (i), refers 
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to the four antJieridia per microgametophyte in S. Kraussiana and S. 
PouUeriy and to the ttvo antheridia of other species. He mentions all species 
as agreeing in the formation of a few sterile prothallium cells. Obviously 
Bruchmann regards as antheridia the primary spermatogenous cells, and as 
prothallium cells the cells of the antheridial jacket. Belajeff (i), Millardet 
(14), Pfeffer (15), and Campbell (6, 7) interpreted but a single antheridium 
per microgametophyte, for which the sterile cells, excepting the prothallial 
cell, comprised a multicellular jacket. Miss Lyon (13) found no antheridium 
in S. apus, only a generative cell in addition to the prothallial cell. It is true 
that Belajeff and Pfeffer use the term antheridium in two senses: first, as 
naming the sister cell (antheridial cell of the present paper) to the prothallial 
cell ; later, as naming the completed structure comprised of fertile cells and 
sterile jacket. But no observer has described for one microgametophyte the 
formation of more than one antheridium. There seems to the writer no good 
reason to regard either the primary spermatogenous cells or the spermatoge- 
nous complexes as separate antheridia. Rather all are formed in one an- 
theridium, in developing which the cells of the longitudinal halves arise in 
close synchrony. Up to the completion of the primary spermatogenous 
cells, homologous cell walls in the longitudinal halves coincide perfectly 
along their junctions with the first primordial wall; they form thus one com- 
pleted unit comprised of eight jacket cells enclosing four inner, fertile cells. 
The complete microgametophyte of S. Kraussiana is properly conceived as 
comprised of a prothallial cell and a single antheridmm^ 

In the walls of the jacket cells, Millardet (14) and Belajeff (i) were un- 
able to demonstrate cellulose. Miss Lyons (13) found no jacket cells at all — 
only radiating strands of cytoplasm. Clearly, however, in S. Kraussiana 
one has to deal with complete cells separated by .some sort of frail partition. 
The writer was unable to demonstrate in these '‘ wails” a trace of cellulose, 
or to throw much light on their origin and nature by studying the phenom- 
ena of cell formation. Dividing nuclei were never encountered. Figure 23, 
however, is easily interpreted as displaying cell plate formation. If this 
interpretation be correct, then the beginnings of the cell plate shown in this 
figure resemble so closely the frail ‘"walls” figured elsewhere that they might 
be regarded as an identical type of structure. Moreover, a chance section 
revealed the condition depicted in figure 24, which might be interpreted as 
the tearing of a cell plate along the plane by which, if development had con- 
tinued, it would have parted naturally to form the plasma membranes (if two 
daughter cells. These “walls ” stain like the cytoplasm, and in thick sect ions 
are easily confused with it. Thus again they seem to resemble plasma mem- 
branes or the material of the cell plate. And certainly thevse “walls” are 
plastic like cell plates. A comparison of figure 25 with figure 28 shows this 
condition clearly with respect to the second primordial wall. A comparison 
of figure 27 with figure 28 shows the same condition with respect to the last 
“wails” laid down in the jacket. Frence the writer believes that the frail 
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fnTo'nir' ^hich never have cleaved 

p ”^<^nibianes, and the cells comprising the antheridial iacket are 

therefore, primordial cells which do not foL trL walls ’ 

plastdeL'rlSatn^" rf of spore wall layers and proto- 

1 ?• ^ 7’ of the large central vacuole made difficult 

the mampulation of material. But careful examination of material iTch 

convinced the writer that the disharmonies in growth 
effects. There is, therefore, essential 
macrospores with respect to this phe- 


are real; they are 
agreement between 
nomenon of development, 

Attempts by the writer failed to demonstrate nuclear div 
developing microgametophytes, yet abundant evidence wa= 
dbeuant meioses described and figured by Miss Graustein ( 
f I _ could demonstrate no mitotic figures in the macrogarr 
c mg instances of elongate and of constricted nuclei, and of 
■lose apposition he believed that nuclear division in the macr 
fonnd^ “'^stnction. Examining bud tips from the sporophyt 
found biscuit-shaped or apposed nuclei. In the tips of strobi 
^ tapetum (text fig. 6), the present writer found divi 
the 7 ^ anaphase. Miss Lyon (13) depicts mitotic fig 

tne gametophyte generations and in the sporophyte. Thei 

A.’ f ^hat nuclear division by mitosis prevails in . 

hot- fiv7- ^ff^'^huted to a thorough exposure of her mate 

hr i F finding division figures. She belie' 

deatirn T7 perpetrated quickly and completely, and prevent 

Hill 01 the piotoolasts. with 1 .• 
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microsporangia toward the tip of the strobilus, but in more basal micro- 
sporangia as well. 

The thirteen-celled stage represents the final stage attained usually by a 
microgametophyte within a microsporangium. Occasional disseminated 
microgametophytes showing a less number of cells seem explicable as the 
laggards in development above described. While Millcirdet (14) reported 
microgametophytes shed sometimes at a five- or seven-, but usually at a 
nine-celled stage, he had failed probably to see at this time the four primary 
spermatogenous cells. He did observe at a somewhat later time two of 
them, but found it impossible “de remonter plus loin dans Thistoire de ces 
cellules et d’assister a leur formation.” Belajeff (i) found thirteen cells in 
a “ripe” microgametophyte of S. Kraussiana. Pfeffer (15) found nine to 
be the usual number in 5 . Martensii and S. caulescens, although seven was 
the usual number in one example of the last-named species. Miss Lyon (13) 
states merely that the latest stages of development occur in the strobili after 
they are shed. 

During the latter part of August, 1929, the writer made a few fixations of 
late-appearing strobili, none of whose microsporangia had dehisced. I he 
microgametophytes within the lower four or five microsporangia of these 
strobili had continued their development up to complete maturation of the 
antherozoids. Figures 39 and 40 depict sections of such microgametophytes 
obtained by cutting embedded strobili. 

Retention of the microgametophytes within the microsporangia through- 
out development would seem to be an advantage, since the microgameto- 
phytes would be kept then close to a food supply. There is some evidence 
that an increased use of the materials of the microsporangium for food may 
be made by such microgametophytes, for the inner, tabular layer of wall 
cells in the microsporangium disintegrates, like the tapetum, and becomes 
part of the tapetal fluid. The nuclei of the wall cells may be vseen, in for- 
tunate sections, floating in the slime near the remaining wall layer. M icro- 
sporangia which shed their microgametophytes at the thirteen-celled stage 
retain their inner wall layer intact. 

Miss Lyon (13) mentioned the development within both micro- and 
macrosporangia of a sub-archesporial pad, surmounting the pedicel. This 
pad, being in close relation to the vascular strand, she described as “ probably 
facilitating,” in macrosporangia, “the supply of nutriment to the sporangium 
wall until the embryos begin to form.” It seems significant that the micro- 
sporangia also which retain their microgametophytes until development is 
complete show some proliferation of the sub-archesporial pad. 

Concerning the entire developmental story of the microgametophyte of 
S., Kraussiana^ the present writer agrees in the main with the findings of 
Belajeff ( i) for those species which he placed in Group L The succession 
and orientation of the walls have been found to be exacth' as he desc'ribcd. 
The text of Millardet’s monograph (14) gives a developmental stor\' also es- 
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sentially like that of Belajeff, but his figures, which appeared in the second . f: 

edition of Sachs’s Botany (17), do not agree with his verbal account. Pfeffer I 

(15) confirmed Millardet’s findings for S. Kraussiana. Campbell (6, 7) f: 

corroborates Belajeff quite fully. 

One can only speculate as to the reason for the very different findings of | 

Miss Lyon (13). Is it possible that her “American form” of S. Kraussiana | 

was incorrectly identified? She quotes no taxonomic authority. Moreover, ■ 

the present writer found, at the beginning of his researches, that he could 
obtain, at seven and eight microns, sectioned material which looked much 
like some of Miss Lyon’s figures. Walls and jacket cells could not be demon- ] 

strated. Miss Lyon does not state at what thickness her sections were cut. p. 

Is there the possibility that they were cut too thick to distinguish sharply 1 

the frail walls from the cytoplasm? The writer had no difficulty in demon- 
strating the walls when sections were cut at four microns. 

The further question may be raised as to whether it is possible that the |l 

use of boiling hot fixatives, which proved of such service in fixing the nuclear 
division figures, had a disastrously disintegrative effect upon the jacket cells. I 

These cells are naturally ephemeral. The primary sperniatogenous cells [ 

display from the start an abundance of cytoplasm which contrasts sharply ^ 

with that of the jacket cells. In the jacket cells there is so much fat and \ 

crystalline protein that it seems possible that treatment of these cells for a l 

long time with hot fluids may have destroyed them and left only radiating f 

strands of protoplasm. During the natural disintegration of the jacket cells I 

which just precedes spermatogenesis, their thin “walls” seem more resistant 
than the cytoplasm to disintegration by the sperniatogenous cells. Now if, | 

during treatment with hot fluids, portions of the cytoplasm might have 
broken down and \bacuolization occurred, the vacuoles would have become \\ 

organized probably likewise ivithin the frail “walls,” they would not have 
extended through tliem. This would correspond to the condition which j: 

arises during natural disintegration of the jacket. Remaining shreds of '] 

cytoplasm would then cling along these walls and along the borders of the i 

spermatogenous complex, and produce the effect of the latter being “free 
cells formed centrally, the protoplasm enveloping them sending out radiating ; 

processes that incompletely divide the spore cavity into chambers.” I 

Heinsen (ii), in his attempts to find nuclear division figures, subjected f 

some of his macrogameiopliytes to one-and-one-half- to five-minute dips in ^ 

boiling water, apparently without bad effects on the protoplasm. His failure 1 

to find division figures Miss Lyon ascribed to too brief exposure to the fluid. j 

Future researches may siiow whether, by prolonged exposure, one obtains a 
disintegrati\'e effect, whereas by briefer exposure (and certainly by the use of I 

cold lixati\esj, although losing the division figures, one preserves the jacket ; 

cells, i 

Miss i.\-on’s figure 74 (13) is interesting in that it shows a fine black line S 

extending like a radius through the protoplast of a microgame tophyte; but 
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concerning this line she gives no explanation. It has the same general ap- 
pearance as is possessed by the frail '‘walls” of the jacket cells in the micro- 
gametophytes of S, Kraussiana as shown by the present writer’s researches. 
May it be that the line represents really a portion of such a "wall” which 
has survived exposure to the boiling fixative, and that a re-examination of 

5 . apus may show a "sequence of events identical with those that obtain ” in 
S. Kraussiana? 

Summary 

1. The total output of microspores per microsporangium is about 600. 

2. The microspore nucleus, basally located in the microspore at the com- 
pletion of microsporogenesis, moves to an apical position during organization 
of the large central vacuole. During the later obliteration of the vacuole, 
the nucleus migrates to a basal position again. 

3. The prothallial cell is formed near one lateral coign. In its wall no 
cellulose could be demonstrated. 

4. The antheridial cell becomes bisected vertically and the wall formed 
may interesect, or just fail to meet, the wall of the prothallial cell. 

5. Each longitudinal half becomes divided by a wall, convex downward, 
near the level of the annular ridges. These two walls coincide along their 
intersection with the first primordial wall, and together constitute the second 
primordial wall. 

6. In each upper "quadrant” two successive cell divisions produce three 
cells. These with respect to each other are placed as if two were the daugh ter 
cells of the third, which appears like a parent apical cell. 

7. From the "daughter cells” arise four primary spermatogenous cells, 
bounded exteriorly by periclinal walls curved in harmony with the micro- 
spore wall. 

8. Microgametophytes when shed are composed usually of thirteen cells: 
one is the prothallial cell; eight are jacket cells, and these enclose four pri- 
mary spermatogenous cells. 

9. Jacket cells disintegrate during multiplication of the cells in the 
spermatogenous complex. 

10. The spermatogenous complex is composed temporarily of four 
genetic groups of cells, descendants respectively of the four primary sperma- 
togenous cells. 

11. A single microgametophyte produces 256 antherozoids. 

The writer is indebted to Prof. George S. Bryan for advice and encourage- 
ment during the course of this study, which was undertaken at his suggestion 
and done under his direction in the Department of Botany of the l'ni\'ersity 
of Wisconsin. The suggestions of others regarding tlie preiiaration of 
material are appreciated, and thanks are extended to Dr. Grant and Mr. 
Alston who identified the species studied. 

IJxrvERsrrv of Akron, 

Akron, Ohio 
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EXPLANATION OF PLATES 

Magnification is X 2120 unless otherwise specified. 

PLxVIE V 

Fig. I. Young microsporangiuni, showing differentiation into wall layers, tapetum, 
and sporogenous tissue. X 760. 

Fig. 2. Mature microsporangium. Microspore mother cells float free in tapetal 
fluid. X 760. 

Fig. 3. Microspore mother cell just previous to meiosis. X 4500. 

Fig. 4. Telophase of first reduction division. X 4500, 

Fig. 5. Sextuple spindle of second reduction division. Aberrant behavior of chrom- 
atin material. X 4500. 

Fig. 6. Newly completed tetrad. Nuclei basal, cytoplasm broadly reticulate. Wall 
of microspore mother cell forms common exospore. X 4500. 

Fig. 7. Microspore as it usually appears just after dissociation of a tetrad. Exospore 
folded into crests over apical ridges. 

Fig, 8. Chance preparation showing apical clefts already formed at time of dissoci- 
ation of tetrad. 
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Fig. 9. Completed tetrad, the members still associated after dehiscence of micro- 
sporangium. X 1210, 

Fig. 10. Completed microspore, apical view. X 1210. 

Fig. II. Completed microspore, basal view. X 1210. 

Fig. 12. Empty “shell" (old microspore walls) of microgametophyte after escape of 
antherozoids. X 1210. 

Fig. 13. Chance preparation showing ir.i. 
broken away) has grown away from endospor 
latter suspended apically. Nucleus in apical position. 

Fig. 14. Longitudinal section through three members of a 

in growth of wall layers and protoplast. , 

cytoplasm, small protein grains, and large central vacuole. 

Fig. 15. (Follows Fig. 19 in developnaental story.) Cytoplasm clarified somewhat, 
coig^n'" develop. Nucleus has migrated apexward to a position near one lateral 

Plate VI 

M preparation showing protoplast attached basally to spore wall, 

isuclei still apical. Cytoplasm increases in amount. 

Pig. 17. Longitudinal section through single microspore. Cytoplasm increases 
Nucleus begins to migrate baseward. 

Fig. i8. Nucleus in basal position. Cytoplasm pervades vacuole. 

Fig. 19. “Basal-nucleate” stage. Central vacuole obliterated. Mni-b „:i 


microspore in apical view. Exospore (partly 
, re, and endospore from protoplast, leaving 

tetrad, showing disharmony 
Protoplasts, suspended apically, show meager 


Plate VII 

Fig. 23. The same as Fig. 22, beginnings of cell plate formation. 

Fm' It P® membranes forming, 

b Longitudinal section in plane of first primordial wall, shows second primordial 

wall crossing microgametophyte transversely near level of annular ridges. 

n,: at right angles to plane of first primordial wall shows 

microgametophyte unequally “quartered" by first and second primordial walls. 

“ A Longitudinal section in plane of first primordial wall. Former uooer 

quadrant of one longitudinal half now divided into three cells. Third primordial wall 

.L°"g't«dinal section in plane of first primordial wall. Periclinal walls 

half In * V n two primary spermatogenous cells of one longitudinal 

half. Instance in which second primordial wall failed to meet prothallial cell ^ 

depicS'i?Fiv "'Ises at same stage 

depicted in Fig 28. Four primary spermatogenous cells in completed antheridium. 

Fia 30 Longitudinal section parallel with plane of first primordial wall Shows 

:=r» 

f IG. 32. Aborted tetrad ; dissociation never comoleted 
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Slagg: Gametophyte of Selaginella 
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Plate VIII 

_ Fig. 33. Longitudinal section in plane of first primordial wall First division of 

primary spermatogenous cells. division ot 

Figs. 34 36. Regular multiplication of cells in spermatogenous complex Cleavas-e 
re 1,”" p'? " g“®tic groups of spe'matS™ 

• 37. Transverse section at level of annular ridges. Cleavages reveal four venetic 
groups of spermatogenous cells corresponding to four primary spermatogenous cells. 

centr!;:ofplextcrfsX^^^^ spermatogenous cells continue to multiply, and 

S;2; 
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OBSERVATIONS ON CHROMOSOME NUMBER IN ALTHAEA 
ROSEA, CALLIRHOE INVOLUCRATA, AND 
HIBISCUS COCCINEVS 

Ernst von Kesseler 
(Received for publication August 17, 1931) 

^ The Malvaceae are a sharply delineated family, widely distributed, 
with many striking characters, and with numerous forms, and would there- 
ore seem to be excellent material for a study of taxonomic relationship from 
a cytological standpoint. Within the last five years, chromosome counts 
have been made on many species. The cottons especially, because of their 
economic importance, have been quite comprehensively studied cytologically 
by Cannon (1903), Nikolajewa (1923), Denham (1924), Youngman (1927) 
Beal (1928), Banerji (1929), and others. 

According to the recent chromosome number list of Tischler (1927) and 

i\.T 1 ' ^^*^7 ^ following named genera and species of 

Malvaceae have been investigated as to their haploid numbers. Authors are 
not cited, since both of these workers give comprehensive citations. The 16 
or more species or forms of Gossypium have either 13 or 26 n chromosomes, 
the genus Malva is represented by three species— iU. moschata (20) M. 
Pamata (ca. 20), and M. pusilla (20-30). Four species of Hibisms (11 
rosa-smensis, II. tricuspis, H. iiliaceus, and H. surratensis) range in haploid 
chromosome number from 36-39?, through 40 and 48 to 72.- In Stdalcea 
neo-mextcam A. Gray n = 13. Lavatem thuringiaca has 20. In Malvas- 

^ Thespesm populnea the haploid condition 

reaches the lowest numbers in Malvaceae, viz. 8, lo, and 13. 

The present investigation involves studies on Callirhoe imolucmta Gray 
Hibiscus cocaneus Walt., and single and double flowered forms of the holly- 
nocK:, Althaea rosea Cav. 

Materials and Methods 

belontLv investigations came from cultures and seeds 

eiongmg to The Blandy Experimental Farm. 

Cn.^w '^ i^uid used. La 

trW! h . B recommended for fixation of somatic chromosomes, was 
tried but gave no better results than the first mentioned fixative. The ma- 
terial was dehydrated, carried over to xylol , and imbedded in paraffin Sec- 

somatic m^r T' haematoxylin and gentian violet for the 

omatic material, and only the former for the meiotic. Gentian violet 
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1 ^ 

proved to be somewhat better aq ^ • i . . r 

.he chromes in such Prepara.i^nLere Icf Z/riCrd.ta 

appar^r"”*’' '"■'P""'”*- Wi*!- material this w. 

Buds were deprived of their floral envelopes before being immersed in th 
hxmg fluid. Acetocarmine smear preparations were trii in the case 
Affcm in order to determine the presence of the desired stagerbm ,h 
me hod failed for a number of reasons. The number of antheS V sing 

foetTrormVurhr'T^:'' f'" *“ ^ 

t en time ot matunty. The terminal anthers generally reach maturit 
first Because of these differences, the number ot desired stages coC 
tively speaking, m a given bud is very small, hence the smear LhoTd" 
not appear very practical for this material. 

The most favorable period for obtaining the desired meinUrs a 
dftioen is during the night and early morning, 8 P.M. to 6 A M ^tan” 
no division figures at all after 6 A.M. Root-tip material ot AMoen show 
great variation in freciueiicy number of mitotic figures during the day witl 
perhaps the greatest freguencies a. 6 A.M. and 4 P.M, This dateice h 
frequency of division hgures was also true of root-tin material nf T-T'h- 

»n“n’s" TOr''T ‘‘7 '■'*'''1* 7 'Vrafo^ 

dishes contaifong “ f*'’ 

was fixed between , a^^l 6 A m" 


Coun ts made from heterotypic metaphases of various types of both sind e 

ioL numberTbe f ' f 

common with many other Malvaceous species, a densely sMnilTg J^rfouVr 
zone surrounds the chromatic material ^ perinuclear 

Attempts to determine the diploid chromosome number in the root-tin 
materia were very unsatisfactory. Numerous counts of metaphase stages 
m somatic material of the same variety gave results varying from 38 to so 
with 48 as the most common number (fig. 3) . Plate IX, figure 4, shows a pkte 
with the theoretically expected number 42. The explanatio^n of this^ri- 
ihtjf lies m the difficulty of finding plates where splitting of some of the 
romosomes has not taken place, preparatory to anaphase separation. 

Callirhoe involucrata 

^ The haploid number of this species is 12 ((fig. 5), as determined from he- 

mn f perinuclear zone is present. No 

marked differences between the anthers as to meiotic stages occur. 


130 


AMERICAN JOURNAL OF BOTANY 


[Vol. 19, 


Hibiscus'coccineus 

Attempts to count chromosomes in somatic materia! of this species, as in 
Althaea, were very unsatisfactory, and probably for the same reasons. 
Counts of metaphase plates ranged from 37 to 50. No meiotic material was 
obtainable. 

Summary 

1. The haploid chromosome number of Althaea rosea, as established from 
pollen mother cell material, is 21. This is true of both the single and double 
flowered varieties investigated. Observations on root-tip material do not 
corroborate these results, since metaphase plates gave counts ranging in 
number from 38 to 50, even in material from the same individual. 

2. The haploid chromosome number of Callirhoe involucrata, as estab- 
lished from pollen mother cell material, is 12, the lowest number, except for 
Thespesia, yet discovered for the Malvaceae. 

3. The chromosome counts in root-tip material of Hibiscus coccineus 
gave unsatisfactory results, the number per plate ranging from 37 to 50. 

The writer wishes to express his thanks to Dr. Orland E. White for ad- 
vice and criticism. 

Miller School of Biology and 

The Blandy Experimental Farm, 

University of Virginia 
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EXPLAWATIOW OF PLATE IX 

The following drawings were made with a Zeiss microscope equipped with a 2 mm 
achromatic objective and 30 X ocular. An Abbe camera lucida was used. The mae- 
nification of all figures is about X 4700. ^ 

]■ Althaea rosea, Chater’s Double Yellow, polar view of 21 chromosomes at 
heterotypic metaphase. 

* chromosomes at heterotypic metaphase 

part 01 them dividing. ^ ’ 

in ‘^*'ater’s Double Chamois, polar view of 48 diploid chromosomes 

in root-tip cells. 

in Chamois, polar view of 42 diploid chromosomes 

S' 6 ' polar view of 12 chromosomes at heterotypic metaphase, 

h iG. 6. Brlnscus coccineus, polar view of 40 diploid chromosomes in root-tip cells. 




MYXOMYCETES OF NORTHWESTERN OREGON 

Morton E. Peck and Henry C. Gilbert 
(Received for publication August 17, 1931) 

During the past twenty years the authors of this list have been accumu- 
lating, in a rather sporadic way, collections of the myxomycetes of north- 
western Oregon. The number of species found has now become so large that 
it seems worth while to publish the list, particularly as very little has been 
done in Oregon hitherto in this field. The list is of course incomplete even 
after these years of collecting and the authors feel certain that many more 
species are yet to be found in the territory here included. The boundaries of 
the area are vague, embracing the lower, or northern, third of the Willamette 
valley, the coast mountains from Lincoln county north, and the west slope 
of the Cascades as far south as the Three Sisters mountains. Even within 
this area there are whole counties that have not been touched. 

The list is based wholly on the collections of the authors, these aggregat- 
ing some 1600 specimens. A total of 194 species have been found. Separa- 
tion of varieties in many variable forms has been avoided; yet in some cases 
it seemed advisable to make note of varieties, so that thirteen varieties are 
listed. Thirty-six genera are represented and as usual the genus Physarum 
has the largest number, having forty-three species. 

There are ten new species described, with illustrations of eight of the 
species. There are also eight species listed that have hitherto been known 
only from the Old World. 

Some discrimination is necessary in choosing the data to be included in 
such a list in order to make it of most value to students of the group and still 
keep within the neces.sary limits of space. In a group having so few highly 
localized forms it has not seemed necessary to give more than general locali- 
ties. Habitats, relative abundance, and seasonal appearance are more sig- 
nificant and these are always given. Some taxonomic notes are added 
where they have seemed pertinent. The sequence throughout is that of 
Macbride’s “North American Slime-Moulds.” The only works that have 
been of any great assistance in the preparation of the list are Lister’s “ Myce- 
tozoa” and the above mentioned work of Macbride. 

EXOSPOREAE 

I. Ceratiomyxa fructiculosa (Muell.) Macbr. Abundant and often pro- 
fuse on many kinds of rotting wood. Occasionally pink or cream colored 
colonies are found. Matures during spring rains, seldom found in the fall, 
Willamette valley. Coast slopes and foothills of the Cascades. The var. 
flexuosa List, is occasional on oak logs in the Willamette valley. 

1,31 
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2. C. porioides (Alb. and Schw.) Schroet. Occasional on Douglas fir logs 
in the Willamette valley and foothills of the Cascades. We find this form 
on the same log with C. fructiculosa but distinct and nothing to indicate that 
it is only a variety of that species as Lister places it. 

MYXOGASTRES 

Physarales 

Physaraceae 

3. FuUgo cinerea (Schw.) Morg. Rare, on old grass stems in wet places, 
in Nov. in the Willamette valley. This is the gregarious form. 

4. F. septica Gml. Common all summer on old logs and stumps and on 
the ground. Forma ovata Schaeff. is most common; f. violacea Pers. and f. 
Candida Fr. are rare, and f. ruja Pers. has been found but once. 

5. F. intermedia Macbr. One fine specimen of this species has been 
found. It was on an old log in dense timber in the foothills of the Cascades, 
in July. 

6. Badhamia versicolor List. Occasional on old oak logs in the Willamette 
valley during rainy weather. 

7. B. decipiens (Curtis) Berk. Occasional on rotting wood from Nov. 
to Feb. in the Willamette valley. 

8. B. nitens Berk. Occasional, usually on the bark of oak or alder logs 
during the winter rains in the Willamette valley. A yellow plasmodium of 
this species at 40° to 60° F. required 42 hours to mature. 

9. B. panicea (Fr.) Rost. Common and occasionally profuse on old 
logs of various species and in brush piles during rainy weather in the Wil- 
lamette valley, Coast slopes and foothills of the Cascades. 

10. B. macrocarpa (Ces.) Rost. Rare, on the bark of oak logs in June in 
the Willamette valley. 

11. B. magna Peck. Occasional on the bark of oak logs and on rotting 
willow in the spring in the Willamette valley. A bright yellow plasmodium 
required 36 hours to form sporangia at 40° to 60° F. 

12. B, foliicola List. Found once only, in Sept. 1926, on small branches 
of oak in the Willamette valley. 

13. B. utricularis (Bull.) Berk. Common and often abundant on the 
bark of oak logs during the rainy season in the Willamette valley and Coast 
slopes. The golden yellow plasmodium of this species may take two days to 
mature sporangia during the winter months. 

14. B, populina List. Rare, on cottonwood logs in the Willamette 
valley. 

15. B, rubiginosa (Chev.) Rost. Rare, on decaying bark of Douglas fir 
in late autumn in the Willamette valley. 

16. PJiysarum- lateritium (Berk. & Rav.) Rost. Found but once, in leaf 
mold under dense trees in a wet area, in Aug., in the Wfillamette valley. 
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17. P, vernum Somm, Rare, in old rotting weeds in Feb. in the Willa- 
mette valley. The var. iridescens G. List, is also rare. 

18. P. sifiuosuM \\^einrn. Occasional and may be in large masses where 
found, in leaf mold in wet areas in the spring or fall in the Willamette valley. 

19. P. hitectum List. Common in leaf mold from Nov. to June in the 
Willamette valley. 

20. P. diderma Rost. Rare, on the bark of oak logs in Dec. and Jan. in 
the Willamette valley. 

21. P. contextum Pers. Rare, in oak leaf mold in Nov. and Dec. in the 
Willamette valley. 

22. P. conglomeratum Rost. Found but once, on a large oak log in Jan. 
in the Willamette valley. 

23. P. Mortoni Macbr. Common In various kinds of leaf mold during 
rainy weather in the Willamette valley. 

24. P. Gilkeyanum Gilbert, n. sp. Sporangia gregarious, globose or 
clavate, sessile, but narrowed at the base, 0.4 to 0.8 mm. in diameter, 0.7 to 
0.9 mm. tall; peridium hyaline, grey when without lime but usually covered 
with a thin, even layer of greyish-white lime, brittle, breaking irregularly, 
the inner surface rough, the lime covering forming a reticulation of thin 
wrinkles over the entire sporangium; capillitium of fine hyaline threads, a 
dense, rigid, fine-meshed net that retains the form of the sporangium after 
the peridium breaks away , the lime-knots white, few, in the upper part of the 
sporangium small and more or less rounded, in the base of the sporangium 
tending to be long, branching, and somewhat badhamioid with larger meshes 
in the capillitium, spores dark violet in mass, globose, warted, violet brown 
under the lens, 9 to 1 1 /x in diameter. 

Habitat: in leaf mold under deciduous trees and brush. 

Plate X, figure i. A. Three sporangia on a bit of leaf. B. A small 
piece of capillitium from the upper part of the sporangium. C. A small piece 
of capillitium from the base of the sporangium. D, A single spore. 

The collection on which this new species is offered was found in March, 
1930 at Lebanon, Oregon, by Gilbert. There is but one colony of about 
seventy-five sporangia. The sporangia are very uniform in the character- 
istics described above. Further collections are desirable but hardly seem 
necessary to establish this neat and distinctive species of an already large 
genus. It is named for Dr. Helen Gilkey of the Oregon State College. 

25. P. cineretim (Batsch.) Pers. Common on old logs in wet areas, in 
leaf mold, or on herbaceous waste, from Nov. to June, in the Willamette 
valley. 

26. P. lepidoideum Gilbert, n. sp. Sporangia sessile, solitary or in small 
groups on black waste matter forming a small hypothallus, irregularly glo- 
bose, 0.5 to 1.2 mm. in diameter, with a tendency to form small crowded 
plasmodiocarps; peridium blue-grey, membranous, iridescent, with a thin 
layer of flat, more or less rounded lime scales similar to Lepidoderma; 
capillitium a dense net of colorless threads, the limeknots white, conspicuous 
but not abundant, medium sized, rounded or with points along the capillitial 
threads, a few sometimes larger and more angled ; spores dark purple in mass, 

14 . 
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globose, under the lens bright violet, uniformly finely warted, 12 to 14 ju 
in diameter. 

Habitat : On old kale stalks in a pile of herbaceous waste. 

Plate X, figure 2. A. Several sporangia on a small piece of kale stalk. 
B. A small piece of the capillitium. C, A single spore. 

The collection on which this new species is offered was found in January, 
1928 at Salem, Oregon, by Gilbert. The Lepidoderma-like peridium is 
distinctive. The spores are larger than in most Physarums and very uniform 
in size. 

27. P. virescens Ditm. Rare, on decayed oak wood in May in the Wil- 
lamette valley. 

28. P. nudum Macbr. n. sp. Sporangia sessile, globose or somewhat 
plasmodiocarpous, occasionally with a pallid, slender, usually prostrate stipe, 
0.4 to 0.7 mm. in width; peridium single, limeless, dark grey, somewhat ir- 
idescent; hypothallus scanty, reticulate, membranous, hyaline, connecting 
the lines of sporangia; columella none; capillitium sparse and nearly or 
quite limeless, composed of slender threadlike tubules here and there ex- 
panded into hyaline vesicular structures; spores violet black in mass, clear 
violet under the lens, minutely roughened, 9.5 to ii yu in diameter. 

A specimen collected by T. H. Macbride, probably in Washington, and 
the data now lost, was marked as possibly a new species. Then a specimen 
collected by Gilbert in May, 1930, near Salem, Oregon, proved to be the same. 
The species is described under Dr. Macbride’s name. In its limeless char- 
acter it suggests P. confertum but differs in size, color, and habit of growth; 
suggesting also limeless forms of P. didermoides hut different in habit, and 
with smaller, lighter colored, much smoother spores. Mr. Gilbert notes 
that the sporangia are milk white when young, which would indicate a watery 
or white plasmodium. Apparently the plasmodium remains in the soft 
rotting wood, coming to the surface only at the time of fruiting. 

.29. P. melleum Mars. Rare, in leaf mold around oak logs in Nov. in the 
Willamette valley. 

30. P. citrinum Schum. Rare, on old logs in wet areas in June in the 
Willamette valley. 

31. P. perfectum M. Peck n. sp. Sporangia loosely gregarious, greyish 
white, globose, stipitate, 0.6 to 0.8 mm. in diameter; hypothallus very thin, 
colorless, wide-spreading; stipe yellowish white, stout, calcareous, nearly 
smooth, slightly narrowed upward, equaling or a little surpassing the diam- 
eter of the sporangium; columella well developed, white, conical, nearly one- 
third the height of the sporangium; peridium a thin membrane, evenly granu- 
lar with included lime and thickly sprinkled with round, mainly superficial 
white scales of lime; capillitium moderately dense with abundant rounded 
and elongated, pale yellowish calcareous nodes ; spores minutely roughened, 
violaceous brown, 10 to ii in diameter. 

Habitat: The decaying bark of Poptilus sp. 
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Plate XI, figure 3. A. Habit sketch. B. Diagrammatic sketch of the 
columella. C, A portion of capillitium. D, A spore. 

Seemingly a well marked species, having a trim, finished appearance. 
Two or three colonies have been found in the neighborhood of Salem, Oregon. 
The most striking structural feature is the strongly developed columella; 
this together with the habit, length of stipe, and several other features suggest 
P. melleum (Berk. & Br.) Mass, but the color and greater size at once 
distinguish it. 

32: P. glohuliferum (Bull.) Pers. Rare, on old logs in June in the 
Willamette valley. 

33. P, murinum List. Rare, on decayed logs in Nov. in the Willamette 
valley. 

34. P. penetrale Rex. Rare and few in one place on old logs in dense 
woods in May and June and in Nov. in the Willamette valley. 

35. P. luteo-album List. Rare, in the high Cascades in summer. 

36. P. nucleatum Rex. One old colony was found on a log along the 
Salmon river on the Coast slopes. 

37. P. Newtoni Macbr. One large colony found on decaying wood in 
June on the Three Sisters mountains. 

38. P. psittacinum Ditm. Rare, in leaf mold in June in the Willamette 
valley. 

39. P. leucophaeum Fr. Common, usually on oak, from Nov. to June in 
the Willamette valley. 

40. P. nodulosum Cke. & Balf. Rare, on alder logs in wet areas in Dec. 
in the Willamette valley. 

41. P. diderrnoides (Pers.) Rost. One profuse mass found on a dung pile 
by a barn in Sept, in the Willamette valley. The var. lividiim Rost, seems 
to be rare, as a few only have been found, on potatoes in a bin in the Willa- 
mette valley. 

42. P. leucoptis Link. Rare, on alder and oak logs during spring or fall 
rains in the Willamette valley. 

43. P. compressum A. & S. Occasional on oak wood and in herbaceous 
waste in Jan. and Sept., in the Willamette valley. 

44. P. straminipes List. One colony only, found in leaf mold in July in 
the Willamette valley. We believe this to be the first report of this species 
in North America. 

45. P. notahile Macbr. Common and variable, in moss and on old logs 
from Dec. to May in the Willamette valley. 

46. P. nicaraguense Macbr. Found once only, in moss on an oak log in 
Dec. in the Willamette valley. 

47. P. carnetmi G. List & Sturgis. Occasional and few in one place, in 
leaf mold and on wood, from Dec. to May in the Willamette valley. The 
plasmodium, as far as noted, is white. 



1 36 


AMERICAN JOURNAL OF BOTANY 


[Vol. 19, 



48. P. citrinellum Peck. Occasional on rotting oak and in leaf mold 
under pines, from Nov. to June in the Willamette valley. 

49. P, albescens Ellis. Rare, on living twigs of a dwarf Vaccinium in 
July on the Three Sisters mountains. 

50. P. variabile Rex. Collected once only, in leaf mold of a swamp}^ 
woods in June in the Willamette valley. 

51. P. auriscalpium Cooke. Occasional in leaf mold, moss, or on oak 
wood from June to Oct. in the Willamette valley and foothills of the Cascades. 

52. P. galbeum Wing. Rare, on old logs in June in the Willamette 
valley. 

53. P. tenerum Rex. Rare, in moss or on logs in wet areas in Dec. in the 
Willamette valley. 

54. P. simplex M. Peck. n. sp. Sporangia stipitate, globose or a little 
depressed, minute, 0.2 to 0.3 mm. in diameter, very dark or sometimes dull 
yellowish; stipe 0.5 to 2 mm. long, slender, narrowed upw^ard, irregularly 
grooved, often very crooked and drooping above, light yellowish, little or not 
at all calcareous; hypothallus none; peridium thin, iridescent, often strewn 
with abundant flakes of lime but sometimes nearly limeless, then appearing 
black, persistent below; columella none;.capillitium of very delicate threads 
springing from the peridial floor, with a few small yellowish-grey calcareous 
nodes or none and almost without dilations at the intersections; spores 
violaceous brown, minutely roughened, 7 to 9 /x in diameter. 

Habitat: dead bark of Pseudotsuga. 

Plate XI, figure 4. A. Habit sketch. B. Diagram of the capillitium. 
C. A spore. 

A very delicate, minute species found twice in the vicinity of Salem, Ore- 
gon. It is related to P. flavicomum Berk., differing in the longer stipe, the 
more or less calcareous peridium, and the less dense capillitium with very few 
calcareous nodes. 

55. P. nutans Pers. Common and often profuse on all sorts of logs and in 
leaf mold at all times of the year in the Willamette valley and on the Coast 
slopes. 

56. P. viride (Bull.) Pers. Common and variable, on many kinds of logs 
and in leaf mold, most abundant in May and June in the Willamette valley. 

57. Craterium aureum (Schura.) Rost. Rare, in leaf mold in the spring 
in the Willamette valley. 

58. C. leucocephalum (Pers.) Ditm. Common in leaf mold of wet areas 
in the spring or fall in the Willamette valley. One large colony of var. 
scyphoides List, was found in maple leaf mold. 

59* C, minutum (Leers) Fr. Common in leaf mold during the rainy sea- 
son in the Willamette valley. We find great variation in our collections. 
Lister, in the 3rd ed. of “Mycetozoa,” notes that a number of forms arise 
from the same plasmodium. We find variations in form and color in different 
collections but not within single groups all of which might be from one 
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plasmodium. We also find red as well as yellow plasmodia. Our material 
suggests more than one species. Further collection and more detailed study 
are necessary on our western forms, we believe. 

60. Leocarpus fragilis (Dicks.) Rost. Common and sometimes profuse 
from June to Dec. in leaf mold in the Willamette valley and foothills of the 
Cascades. The color varies from tan to dark red that is almost black. 

Didymiaceae 

61. Musilago spongiosa (Leyss.) Morg. Rare, but in large masses where 
found. It spreads over grass, herbs, and tree trunks in dense wet areas from 
May to Aug. in the Willamette valley. 

62. Didymium anellus Morg. Rare, in leaf mold during winter rains in 
the Willamette valley. 

63. D. Wilc%ekii Meyl. Occasional on old weeds and corn stalks in the 
spring in the Willamette valley and in the summer in the Cascades. 

64. D. squamulosum Fr. Common and often abundant in leaf mold and 
on old weeds all the year round in the Willamette valley. The lime crystals 
may be few or in heavy folds over the sporangium. 

65. D, melanospermum (Pers.) Macbr. Occasional in moss or leaf mold 
under dense timber from June to Aug. in the Willamette valley and on the 
Coast slopes. 

66. D. minus List. Rare, in moss during the winter rains in the Wil- 
lamette valley. 

67. D. clavus Rab. Common any time of the year in leaf mold and on 
rotting weeds, but few in one place, in the Willamette valley. 

68. D, nigripes (Link.) Fr. One large colony found in the leaf mold of a 
wet area in May in the Willamette valley. 

69. D. xanthopus (Ditmar) Fr. Common on old weeds and corn stalks 
in the spring in the Willamette valley. In 1931 profuse colonies of a form 
that varies from the typical xanthopus were found on madrona leaf mold. 
The plasmodium of this form is clear yellow. The spores are larger and the 
columella less definite than in xanthopus. Further study must be made of it. 

70. D. difforme Dby. Common and often abundant on old weeds and in 
leaf mold, from Nov. to May, in the Willamette valley. 

71. D. trachisporium List. This form has been found a number of times 
in Mr. Gilbert’s garden about four inches under ground on the surface of 
daffodil bulbs in the summer months. We believe this is the first report of 
this species in North America. The habitat would suggest that it had been 
imported on the daffodil bulbs from Holland. 

72. Diderma reticulatum (Rost.) Morg. Rare, on decaying leaves of 
pond lily in the autumn in the Willamette valley. 

73. D. spumarioides Fr. Usually in large masses, coming out of the 
ground, but not common ; in the spring in the Willamette valley and foothills 
of the Cascades. 




74- D. globosum Pers. Rare, in leaf mold of mixed woods in March in 
the Willamette valley. 

75. D. crustaceum Peck. Rare, in leaf mold of deciduous woods in 
March in the Willamette valley. 

76. D, niveum Macbr. Rare, on rotting wood in June on the Three 
Sisters mountains. 

77. D. cinereum Morg. Rare, on the ground under old wood in Feb. in 
the Willamette valley. 

78. D. hemisphericum (Bull.) Horne. In moss on oak logs in the fall in 
the Willamette valley. Sometimes abundant on piles of old leaves in the 
spring. 

79. D. ochraceum Hoffm. Rare, on decaying willow wood in July in the 
Willamette valley. 

80. D. Trevelyani Fr. Occasional and usually profuse where found, in 
leaf mold in the spring and fall in the Willamette valley. 

81. D. mdiatum List. Common on many kinds of wood or in leaf mold 
during fall and winter rains in the Willamette valley. Occasional in the 
spring. The var. umbilicatum Meyl. is rare. 

82. D. asteroides List. Occasional in madrona leaf mold and on old 
pine needles in the spring in the Willamette valley. 

83. Lepidoderma tigrinum (Schrad.) Rost. Rare, on well rotted wood 
during winter rains in the Willamette valley. 

84. L. caristianum (Rabenh.) Rost. Rare, on fallen twigs, leaves, and 
bits of wood close to snow banks in June on the Three Sisters mountains. 


Stenxonitales 

Amaurochaetaceae 

85. Amaurochaete fuliginosa Macbr. Occasional in the fall in the Wil- 
lamette valley. 

86. A. tubulina (A. &S.) Macbr. Found but once, in Aug., in the Wil- 
lamette valley. 

Stemonitaceae 

87. Brefeldia maxima (Fr.) Rost. Rare, on rotting wood during the 
summer in the Willamette valley. 

88. Stemonitis trechispora (Berk.) Torr. Rare, on oak stumps in June in 
the Willamette valley. 

89. S. fusca (Roth) Rost. Common in small masses, usually on oak 
logs during spring or fall rains in the Willamette valley. 

90. S. dictyospora Rost. Rare, but in large colonies, on oak and alder 
logs in June in the Willamette valley. 

91. S. nigrescens Rex. Rare, on the under side of old pine logs in May 
in the Willamette valley. 

92. S. virginiensis Rex. Rare, on well rotted wood in June in the Wil- 
lamette valley. 
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93. 5 . hyperopia Meyl. Rare, on old logs in wet areas, June to Aug., in 
the Willamette valley. The var. micro spora List, is also rare and is found on 
old logs in river bottom land in May and June. We believe this to be the 
first report of this variety for North America. 

94. S, Webberi Rex. Rare, found but twice, in May and June, on old 
pine logs in the Willamette valley. 

95. S. splendens Rost. Occasional on oak wood in April in the Willa- 
mette valley. 

96. S. Smithii Macbr. Occasional on well rotted wood in May in the 
Willamette valley. Our specimens are up to 6 mm. rather than less than 
3 mm. as given by Macbride for the type. 

97. S. axifera (Bull.) Macbr. Frequent on rotting logs during spring or 
fall rains in the Willamette valley and on the Coast slopes. The plasmodium 
of some of our specimens is yellow. We find that the spores of some speci- 
mens are small, being but 4 to 5 suggesting 5 . Smithii, but the sporangia 
10 mm. tall. 

98. S. flavogenita Jahn. Common on old logs from Oct. to Dec. in the 
Willamette valley. We find that the plasmodium is often white and not 
yellow as the name implies. 

99. S. palhda Wing. Rare, on well rotted alder in May in the Willamette 
valley. 

100. S. herbatica Peck. Occasional during spring rains in the Willamette 
valley. A lemon yellow plasmodium found in leaf mold under dense Douglas 
fir trees developed a small form (2 to 4 mm.) of this species. 

101. Comatricha caespitosa Sturgis. Found but once, on the decaying 
trunk of Mountain Hemlock in June on the Three Sisters mountains. 

102. C,flaccida List. Two light yellow masses of young Stemonitis type 
were found on a willow stump near the Willamette river. When collected 
after maturing these proved to be this species, except that the hypothallus is 
silvery and not brown as given by Macbride in N. A. S. M. 

103. C. longa Peck. Rare, on willow logs near the Willamette river in 
June. 

104. C. irregularis Rex. Found but once on the dead bark of Lodgepole 
Pine in July on the Three Sisters mountains and once on an old log in the 
Willamette valley. 

105. C. Suksdorfii Ell. & Evh. Plentiful on decaying trunks of Moun- 
tain Hemlock in June and July on the Three Sisters mountains. Two col- 
lections from the Three Sisters area seem nearest to this species yet differ in 
several characters. Further study will determine whether this form is 
specific or not. 

ic6. C. pacifica Macbr. n. sp. Published as a van. of C. aegualis Peck in 
N. A. Slime-Molds, 2 ed.: 181, 1922, and now given specific rank. 


Sporangia gregarious, erect, deep violaceous, cylindrical or slightly 
ovate, 7-8 mm. tall, stipitate: stipe about half the total height, black, pol- 
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ished, even; hypothallus dark brown, shining, conspicuous, more or less 
distinct for each sporangium, often connected in plasmodiocarpous fashion 
but not continuous; columella dark, tapering, attaining almost the summit 
of the sporangium; capillitium dense, of dark flexuose threads, branching 
repeatedly and forming an intricate network, the free ends numerous, short, 
little if any paler than the threads from which they arise ; spores dark violace- 
ous, distinctly warted, 9.5-1 1 fi in diameter. 

Resembling C, aequalis Peck, of which it was formerly regarded as a 
variety, but larger, darker, more distinctly purple, with larger spores and a 
different hypothallus. 

Found on the dead bark and twigs of mountain hemlock on the Three 
Sisters mountains. Collected twice, the first time in July, 1914. 

107. C. nigra (Pers.) Schroet. Common and more abundant in the 
higher altitudes on many kinds of wood and at all seasons in the Willamette 
valley. Found everywhere in our territory. 

108. C. aequalis Peck. Rare, on logs in wet areas during the rainy 
season in the Willamette valley. 

109. C. typhoides (Bull.) Rost. Common and often profuse, usually on 
oak or willow, during the rainy season in the Wfillamette valley, and on the 
Coast slopes and foothills of the Cascades. 

no. C. reticulata Gilbert n. sp. Sporangia dark lilac-brown, in small 
loose tufts, erect, on a thin silvery hypothallus, 1.5 to 3 mm. tall, short cylin- 
dric and obtuse at both base and apex ; stipe about one-half the height, black, 
shining; columella dissipating in the upper one-fourth of the sporangium; 
primary branches of the capillitium numerous, often thickened near the 
columella; these branching and anastomosing to form an irregular net toward 
the surface, which retains the form of the sporangium after spore dispersal, 
the free tips outside the net short and abundant; spores pale lilac-brown, 
strongly reticulate with meshes of irregular size, 7 to 9 ^ in diameter. 

Habitat : On rotting coniferous wood. 

Plate XII, figure 5. A. A small tuft of sporangia. B. A single spo- 
rangium in longitudinal section. C. Three spores. 

This new species is based on a collection made by Gilbert in May, 1930, 
on pine logs at Turner, Oregon. The network of the capillitium suggests 
Stemonitis but is decidedly not on the surface as is shown by the many free 
tips outside the net. The most striking characteristic of this new species is 
the beautifully reticulate, small sized spores. 

111. C. laxa Rost. Occasional on rotting willow and alder during spring 
rains in the Willamette valley. 

1 12. C. elegans (Racib.) List. Rare, on oak logs in the spring in the 
Willamette valley. 

1 13. C, rubens List. One small colony found maturing in oak leaf mold in 
March in the Willamette valley. 

1 14. C. pulchella (Bab.) Rost. Occasional on the bark of oak logs and 


Feb., 1932 


PECK AND GILBERT — MYXOMYCETES 


on pine needles from Dec. to April in the Willamette valley. The var. 
gracilis List, has been found once, on a Douglas fir log in April in the Wil- 

lamette valley. 

Lamprodermaceae 

1 15. Enerthenema papillatum (Pers.) Rost. Common on old wood and 
bark of various kinds during the rainy season in the Willamette valley. 

1 16. Lamproderma violaceum (Fr.) Rost. Common and often abundant 
in moss and on wood or bark of many kinds of logs from Nov. to April in 
the Willamette valley and on the Coast slopes. The var. carestiae List, is 
rare. 

117* L. columbinum (Pers.) Rost. Common in dense woods on old logs, 
usually Douglas fir, from Nov. to June in the Willamette Valley and in the 
Cascade mountains. 

1 18. L. scintillans (Berk. & Br.) Morg. Common from Oct. to April, 
usually in leaf mold or may be on logs in the Willamette valley and on the 
Coast slopes. 

1 19. L. arcyrionema Rost. Found once only, on the underside of a large 
log in June in the Willamette valley. 

120. L. atrosporum Meyl. Found but once, on dead but sound wood of 
Mountain Hemlock in June on the Three Sisters mountains. 

12 1 . A. physaroides (A. & S.) Rost. Rare, on decaying wood in the spring 
in the Willamette valley. 

122. L, robustum Ell. & Evh. Rare, on mossy logs in the Cascades dur- 
ing the summer. 

Cribrariales 

Liceaceae 

123. Licea variabilis Schrad. Rare, on Douglas fir logs in Dec. and Jan. 
in the Willamette valley. 

124. L, minima Fr. Rare but may be profuse where found, on old 
Douglas fir logs in the summer in the Willamette valley. 

125. L. tenera Jahn. Rare, a few sporangia only found on old wood in 
March in the Willamette valley. This material differs from the description 
only in that the sporangia are larger. We know of no other report of this 
species from North America. 

Tubiferaceae 

126. Lindbladia effusa (Ehr.) Rost. Occasional on logs or stumps from 
April to Aug. in the Willamette valley. The var. simplex Rex has been 
collected once, on an old Douglas fir log in a wet area in the Willamette 
valley. 

127. Tuhifera ferruginosa (Batsch.) Macbr. Common on rotting logs 
from Dec. to June in the Willamette valley and foothills of the Cascades. 
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Reticulariaceae 

128. Reticularia Lycoperdon (Bull.) Rost. Occasional on old logs from 
April to Aug. in the Willamette valley and foothills of the Cascades. 

129. Enteridium splendens Morg. Rare, on old logs in May in the Wil- 
lamette valley. 

130. E, olimceum Ehr. Occasional on rotting Douglas fir, pine, or oak, 
never abundant, during winter rains in the Willamette valley and in summer 
in the Cascades. 

131. Dictydiaethalium plumbeum (Schum.) Rost. Occasional on old 
wood in the spring or fall in the Willamette valley. 

132. LiceopsislohataT Occasional on large Douglas fir logs under 

loose bark. This is the flat aethalial form, hound in May and June in the 
Willamette valley. 

Cribrariaceae 

133- Cribraria argillacea Pers. Common on well rotted logs from Dec. 
to June in the Willamette valley and in the higher Cascades. 

134- C. macrocarpa Schrad. Common in the spring and fall on Douglas 
fir logs in the Willamette valley. 

135* C. aurantiaca Schrad. Common, and at times abundant on all 
sorts of old wood from Dec. to June in the Willamette valley and on the 
Coast slopes. 

136. C. rufa (Roth) Rost. Common during spring rains on old Douglas 
fir logs, but few in any one place, in the Willamette valley and on the Three 
Sisters mountains. 

137. C. splendens (Schrad.) Rost. Occasional on Douglas fir logs in the 
summer in the Willamette valley and foothills of the Cascades. 

138. C, dictydioides Cke. & Balf. Occasional on well rotted Douglas 
fir during rainy season in the Willamette valley. 

, Schw. Rare, in the spring on well rotted wood in 

the Willamette valley. 

Schrad. Rare, on old Douglas fir logs in the spring in the 
Willamette valley and on the Coast slopes. 

K ' Gilbert n. sp. Sporangia scattered or gregarious, 

^ -4 inm. in diameter, erect or nodding on subulate 

lon??^ffvn^t?^n’ dark brown to black toward the base and .5 to 1.2 mm. 
long, hypothahus none; calyculus one-third to one-half the sporangium, the 
margin toothed and irregular, without ribs or veins but rough with plasmodic 
granules; nodes of the net variable, usually having several large irres-ular 

feT and fht threads brown or nearly colorless, free ends 

ochracPou?,mHf fh variable; spores yellow-brown in mass, pale 

ochraceous under the lens, the surface smooth but appearing rough from the 
spore contents, globose, 8 to 9.5 fi diameter. 

Habitat: Well rotted Douglas fir wood. 
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Plate XII, figure 6. A . Habit sketch of sporangia. B. Enlarged draw- 
ing of the nodes and threads. C. Four spores. 

This form has been collected several times in the last few years by Peck 
and Gilbert. It is found on well rotted Douglas fir logs during May and 
June in the Willamette valley. It differs most strikingly from other 
Cribrarias in the very large spores. With a hand lens the small sporangium 
with large irregular dark nodes is definitive. These nodes are larger in com- 
parison with the size of the sporangium than in any other Crihraria. The 
lack of ribs or veins on the calyculus should also be noted. 

142. C. elegcins Berk. & C. Rare, in late fall on Douglas fir logs in the 
Willamette valley. 

143* C. pUfpuYCd Schrad. Rare but sometimes found in large colonies 
on decaying coniferous logs in late fall in the Willamette valley and lower 
Cascades. 

144. C. piriformis Schrad. Common on old logs, usually Douglas fir, in 
the spring in the Willamette valley. 

145. Dictydium cancellatum (Batsch.) Macbr. Common and at times 
abundant on well rotted Douglas fir in the spring and fall in the Willamette 
valley and foothills of the Cascades. The var. purpureum Macbr. is found 
occasionally. 

Lycogalales 

Lycogalaceae 

146. Lycogala epidendrum (Buxb.) Fr. Common on all kinds of logs 
from Oct. to June in the Willamette valley and Coast slopes. 

147. L. exiguum Morg. One large colony was found on the under side 
of a Douglas fir log in June in the foothills of the Cascades. 

Trichiales 

Dianemaceae 

148. Margarita metallica (Berk. & Br.) List. Occasional on old logs 
from Dec. to May in the Willamette valley. 

149. Dianema depressum List. This species has now been found twice 
on small rotting branches in wet areas in the 'Willamette valley. We believe 
this to be the first report of this species in North America. 

150. D. corticatam List. Common during winter rains on old wood of 
various kinds, in the Willamette valley and Cascades. The plasmodium is 
tan colored. 

Perichaenaceae 

151 . Ophiotheca vermicularis (Schw.) Macbr. Common on old weeds and 
grass from Jan. to April in the Wdllamette valley. 

152. Perichaena corticalis (Batsch.) Rost. Common and often profuse 
during rainy weather on the bark of old logs of ash, alder, and oak in the 
Willamette valley. 
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153* P- 'marginata Schw. Rare, on oak bark in Nov. in the Willamette 
valley. 

Arcyriaceae 

154* Lachnobolus congestus List. Rare, found in wet areas hanging 
loosely from the under side of logs from Nov. to May in the Willamette 
valley. 

155* occidentalis Macbr. Found but once, on an oak log in Jan. in the 
Willamette valley. 

156. Arcyriamagna Rex. Collected but once, in Jan. on rotting Douglas 
fir in the Willamette valley. 

157. A. Oerstedtn Rost. Rare, on rotting wood on the Coast slopes or in 
the Willamette valley during the fall rains. 

158. A. nutans (Bull.) Grev. Common but not abundant on logs during 
spring and fall rains in the Willamette valley, on the Coast slopes and foot- 
hills of the Cascades. 

159. A. virescens G. List. One fine colony has been found, on a log in 
June in the foothills of the Cascades. This seems easily distinguished from 
A. nutans. We believe this to be the first report of this species for North 
America. 

160. A. versicolor Phillips. Rare in the valley but common at high alti- 
tudes in leaf mold or on logs. Very abundant on the Three Sisters moun- 
tains. 

161. A. incarnata Pers. Common during rains on all sorts of rotting 
wood in the Willamette valley, on the Coast slopes, and in the Cascades. 
Occasionally light red or rose colored colonies are found . 

162. A. nodulosa Macbr. Occasional during winter rains on oak logs in 
the Willamette valley. 

163. A.fermginea Sauter. One specimen only has been found, in late 
Nov. in leaf mold in the Willamette valley. 

164. 2I. denudata Shi. Occasional during spring and fall rains on well 
rotted wood in the Willamette valley. 

165. A. cmerea (Bull.) Pers. Common but never abundant, on wet logs 
of many species all the year in the Willamette valley. Occasionally pure 
white specimens are found. 

166. A. pomiforniis (Leers) Rost. Common, but few and scattered on 
any one log, from Nov. to May in the Willamette valley. 

■^u *®^*^”*^ Kalchbr. & Cke. Occasional on logs in the spring in 

the W^illamette valley. ^ ^ 

Prototrichiaceae 

168. Prototrichia metallica (Berk.) Mass. Rare and few in one place on 
old logs during winter rains in the Willamette valley and high Cascades. 
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170. H. ovata (Pers.) Macbr. Rare and few in one place during winter 
rains in the Willamette valley. 

lyi. II. leiocarpa (Cke.) Macbr. Found but once, on an old cherry 
stump in the Willamette valley. 

172. II. clavata Rost. Common and often abundant on old logs during 
rainy weather in the Willamette valley and on the Coast slopes. 

173. II. stipitata (Mass.) Macbr. Rare, during rains on well rotted wood 
in the Willamette valley. 

174. II. leiotricha List. One specimen found, in moss on an old log in the 
foothills of the Cascades in June. We believe this to be the first report of 
this species for North America. 

175 - H. vesparium (Batsch.) Macbr. Rare, on old logs in wet areas in 
June in the Willamette valley. As found here the capillitium is of separate 
threads and not forming a net. 

176. II. stipita (Schw.) Macbr. Rare, on rotting oak in Dec. in the 
Whllamette valley. 

177* THchici inconspicuo, Rost. Common on bark of various kinds from 
Dec. to April in the Whllamette valley. 

178. T. contorta Rost. Common on bark of old logs, such as apple, 
alder, ash, and oak from Dec. to April, in the Whllamette valley. 

179 - Macbridei M. Peck. n. sp. Plasmodium bright pink; sporangia 
closely gregarious or crowded on a strongly developed, dark hypothallus, 
purplish brown to dark ochraceous, sessile, depressed globose, oval or form- 
ing short curved or annular plasmodiocarps; peridium somewhat iridescent, 
thin, translucent but finely granular, breaking irregularly; capillitium and 
spore-naass ochraceous; elaters very long to very short in the same sporan- 
gium, simple, uneven, abruptly contracted to simple or bifurcate tips, marked 
throughout with scattered blunt spines and warts, the spirals mostly 3 to 4, 
imperfectly developed, sometimes broken and replaced for a distance with 
half-rings; spores finely and closely spinulose, ii to 13 /x in diameter. 

Habitat: Decaying logs of Populus trichocarpa. 

Plate XI If, figure y. A. Habit sketch. B. Typical elaters. C. A 
spore. 

This species has been found several times at Salem, Oregon, in mid-winter, 
sometimes in very large colonies. The plasmodium emerges for fructifica- 
tion bright pink, retaining this color till the final changes to maturity begin. 
The relationship is with T. contorta (Ditm.) Rost., a species already suffi- 
ciently confused. The pink plasmodium, large sporangia, strongly developed 
hypothallus, and details of capilhtial vStructure distinguish it. The species 
is dedicated to Dr. T. H. Macbride. 

180. T. varia Pers. Abundant everywhere on all sorts of wood and in 
leaf mold and at all times of the year. 

181. T. cascadensis Gilbert, n. sp. Sporangia scattered or loosely 
clustered, sessile, globose or forming short plasmodiocarps, i mm. in diameter 
and I to 4 mm. long, dull black, with no hypothallus ; peridium single, thick, 
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granular, dull black on both surfaces, breaking irregularly to expose the 
yellow spores and capillitium ; elaters numerous, long, 7 to 8 in diameter, 
the spiral bands thin, uneven, and closely wound, 3 to 5, covered with many 
fine warts which are most numerous along the edges of the bands, the tips 
of the elaters rounded, without enlargements, and entirely covered with the 
warted spiral bands, each elater with a conspicuous granular core; spores 
globose, yellow in mass, almost colorless under the lens, minutely and un- 
evenly warted, 14 to 16 jlc in diameter. 

Habitat: On old Thuja logs in dense timber in the Cascades. 

Plate XIII, figure 8 . A. Two sporangia on a small bit of wood. B. 
Enlarged tip of an elater, to show the core and warted spiral bands. C. 
Three spores. 

The specimen on which this species is based was found in dense timber in 
the foothills near Mount Jefferson on July 5. All of the sporangia are well 
matured and in good condition. It is nearest to T. alpina Meyl., but differs 
so definitely that it seems reasonable to consider it a separate species. The 
elaters are larger than those of T. alpina and unlike those of any other 
Trichia. The bands, core, and tip of the elaters are distinctive. The simple 
peridium is quite different from the distinctly double peridium of T. alpina. 
We offer this as a new Trichia named for the Cascade mountains of Oregon. 

182. T. lutescens List. Found but once, on an old log in a wet area in 
Nov. in the Willamette valley. We believe this to be the first report of 
this species in North America. 

183. T. persimilis Karst. Rare, on logs on the Coast slopes in Dec. 

184. T. fawginea (Batsch.) Pers. Common and variable, on old wood 
from Oct. to June in the Willamette valley and foothills of the Cascades. 

185. T. scabra Rost. Common on old wood from Dec. to May in the 
Willamette valley and on the Coast slopes. 

186. T. verrucosa Berk. Rare, on old Douglas fir logs in May and June 
in the Willamette valley and foothills of the Cascades. 

187. T. Botrytis Pers. Common on many kinds of old wood and at all 
times of the year in the Willamette valley and on the Coast slopes. The 
shape and color of the sporangia and the elaters vary greatly. Numerous 
varieties might be listed for this unstable species here in Oregon, 

188. T. subfusca Rex. Rare, in leaf mold under pines in May and on old 
logs in dense timber in the Willamette valley and foothills of the Cascades. 

189. T. erecta Rex. A single colony was found on bits of wood close to 
the snow in June on the Three Sisters mountains. 

190. T. decipiens (Pers.) Macbr. Common and often abundant on old 
logs, usually Douglas fir, at all times of the year in the Wdllamette valley. 

191. T. lateritia Lev. Common and usually in large masses on logs of 
many kinds from Feb. to July in the Willamette valley. 

192. Oligonema brevifilum Peck. One specimen, found on the under side 
of a log in a wet area in April in the Willamette valley. 








American Journal of Botany. 


Volume XIX, Plate XI 




Peck and Gilbert: Myxomycetes 









: 




PRW^ i; . 



Volume XIX, Plate XII 






k-*.. • 











Feb., 1932] 


PECK AND GILBERT — MYXOMYCETES 


147 


193- 0. flavidum (Peck) Mass. Rare, on the under side of ash and alder 

logs in wet areas in Nov. and Dec. in the Willamette valley. 

194. 0 . nitens (Lib.) Rost. Rare, in the soil under an old brush pile in 
March in the Willamette valley. 

The authors wish to express their thanks to Dr. T. H. Macbride and to 
Di. G. W. Martin, of the University of Iowa, for assistance, particularly in 
the determination of some of their specimens. 

Descriptions of the figures in Plates X— XIII are to be found in the text. 

Willamette University, 

Salem, Oregon 




Paul J. Kramer 
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Introduction 


Botanists are generally agreed upon the manner in which water moves 
after it has entered the conducting vessels of the plant, but they are by no 
means agreed upon the manner in which it passes from the soil to the conduct- 
ing vessels of the roots. Water may move by mass flow for hundreds of feet 
through the xylem vessels or tracheids, drawn in a state of tension by the 
removal of water from the xylem vessels of the leaves during transpiration. 
However, in passing from the soil to the xylem vessels of the root it must 
cross a mass of living cells, a fact which introduces problems not encountered 
in its movement through the cavities of the dead vessels or tracheids of 
the xylem. 

In approaching this problem it should be remembered that there usually 
are important differences between the conditions found in the xylem vessels 
of actively transpiring plants and those found when little or no transpiration 
is occurring. In actively transpiring plants the water in the xylem vessels 
is usually under tension, i.e. exhibits negative pressure. When transpiration 
is slow and the soil contains an abundance of moisture, as in the spring of 
the year, the w^ater in the conducting vessels often exhibits a positive pres- 
sure, resulting in bleeding from cut or broken stems. This positive pressure 
is referred to in the literature by such terms as ‘‘root pressure,” “sap 
pressure,” and “exudation pressure.” 

In view of these facts it seems very probable that the complex of factors 
bringing about the absorption of water by rapidly transpiring plants may 
be quite different from that bringing about the absorption of water when 
little transpiration is occurring. 

From the earliest days of plant physiology, workers have taxed their in- 
genuity to explain the absorption of water and the development of “root 
pressure” in plants, but few of the early theories were based on actual ex- 
perimental work. The earliest workers were unable to give any very definite 
explanations of the processes involved, though capillarity was supposed to 
play an important part in the absorption of water and solutes. 

In the 19th century more definite theories began to appear. DeCandolle 
(1832) applied the term “spongioles” to the absorbing regions of the roots. 
He believed the spongioles were actually contractile and, aided by capillarity, 
sucked in water from the soil. Dutrochet (1837), who is generally credited 
^ Papers from the Department of Botany, The Ohio State University, No. 277. 
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with the discovery of the process of osmosis, said the absorption of water and 
the development of “root pressure ” were osmotic phenomena, but he did not 
attempt to explain exactly how either process occurred. 

Sachs (1887) pointed out that a positive pressure or “root pressure” is 
only developed when there is little transpiration. He believed that under 
such a condition the osmotic pressure developed in the cells adjacent to the 
xylem vessels of the root might force water from them into the vessels. 
However, he was unable to explain why water is forced through only the 
inner walls of these cells into the vessels and not through the outer walls 
away from them. He thought that when transpiration is rapid the cavities 
of the vessels are filled with air, and water then moves through the cell walls. 
He believed that the loss of water from the leaves by transpiration sets up a 
pull in this imbibed water which would be continuous through the water- 
filled cell walls from the xylem to the surface of the roots, causing an inward 
flow of water from the soil. It has since been shown that the amount of 
water moving through the walls of the vessels is totally inadequate to re- 
place that lost in transpiration. However, according to the present theory 
of the ascent of sap, the movement is due to forces set in action by the evapo- 
ration of water from the mesophyll cells of the leaf. 

Dixon (1910) suggested that the state of tension existing in the conducting 
vessels of a rapidly transpiring plant may be continuous across the cortex of 
the root to the menisci in the external walls of the epidermal cells. The 
water removed from the walls by such a pull is replaced by water from the 
soil. The rdle of the cells of the root in such an absorption process is a 
passive one and the root might be compared to a filter. 

Atkins (1916) believed that an appreciable concentration of sugar is 
maintained in the conducting vessels of the roots by “secretion” from the 
adjoining parenchyma cells. As a result the vessels contain a solution with 
an osmotic value high enough to cause an inward movement of water by 
osmosis from the soil through a differentially permeable membrane composed 
of the living cortical cells of the root. As long as the cells of the cortical 
tissue remain turgid the fact that their osmotic pressure is much higher 
than that of the sap in the vessels would not prevent osmosis across this 
tissue. Dixon and Atkins (see Atkins, 1916) studied the concentration of 
the sap in the vessels of the roots and stems of several deciduous trees and 
found it to be highest near the time of opening of the buds in the spring. 
A high concentration at this time would cause an increased inflow of water, 
producing a hydrostatic pressure which might be responsible for the “root 
pressure” and bleeding from cut stems characteristic of many plants in the 
spring. Atkins believed that the positive pressure thus developed brought 
many of the air bubbles contained in the vessels into solution, reopening 
channels for the passage of the transpiration stream. 

According to Priestley (1920, 1922) water moves along an osmotic 
gradient from the root hairs to the vascular cylinder of the root. The 
.. '16 
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vascular cylinder is enclosed in the rigid endodermis which prevents expan- 
sion of the cells lying within. Due to the presence of suberized strips the 
radial walls of the endodermal cells are impermeable to water. For this 
reason water can pass into the central cylinder only through the tangential 
walls and the protoplasts and cannot leak out through the radial walls. 
Priestley believes that the osmotic pressure developed in the closely con- 
fined parenchyma cells may become high enough to force water into the 
vessels. 

Blackman (1921) pointed out that an osmotic gradient from root hairs to 
central cylinder is unnecessary. A gradient of '‘absorbing power” with the 
innermost cells having the highest power would suffice and might exist in 
connection with a reversed gradient of osmotic pressure. 

The “force” referred to by Blackman as the “absorbing power” of the 
cell is termed by Ursprung and Blum (1916), and by Ursprung (1926) the 
“suction force” of the cell, by Stiles (1922) “suction pressure,” and by 
Beck (1928) “suction tension.” All of these terms, in the last analysis, refer 
to the same physical quantity, the pressure with which water tends to enter 
the cell. 

It was long assumed that water moved from cell to cell along a gradient 
determined by the relative osmotic values of the cells involved. The more 
recent work mentioned above has shown that this is not necessarily the case. 
Instead, the movement of water from cell to cell is determined by the relative 
suction tensions of the cells concerned. 

Ursprung and Blum (1925) reported the occurrence of regular suction 
tension gradients in which the suction tension increases from base to apex of 
the stem and also increases with the lateral distance from the xylem. An ex- 
ception to this was found in the roots of Vida Faha where the suction tension 
increases from periphery to endodermis and then decreases. Ursprung 
(1926) claimed that a difference exists in the suction tension on the inner 
and outer sides of the endodermal cells which results in the movement of 
water across the endodermis into the xylem vessels. However, as Beck 
(1928) has pointed out, it is difficult to understand how a difference in suc- 
tion tension can be permanently maintained on opposite sides of a cell. 
Furthermore, it seems questionable whether or not the existence of such a 
condition has been satisfactorily demonstrated. 

Of the so-called vital theories which depend directly on the activity of 
living cells to explain the absorption of water and the ascent of sap, that of 
Bose (1927) is best known. Bose claims that “the absorbing root-cells are 
continuously stimulated by mechanical friction against the soil, giving rise 
to peristaltic waves of pulsation along the active propulsive layer of the inner 
cortex.” He states that the rhythmic pulsations of these cortical cells are 
not only responsible for the absorption of water but also force it up the stem. 
Attempts of other workers (Dixon, 1924) to demonstrate such pulsations 
liave been unsuccessful and even if they do exist they are not necessaril3^ con- 
nected with the movement of water. 
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Livingston (1927), on the other hand, considers that the absorption of 
water is governed by purely physical forces. He points out that the cell 
walls are saturated with irobibed water, resulting in a continuous system of 
liquid watei which extends throughout the plant. This hydrostatic system 
is continuous thiough the cortical cells, the epidermal cells, and the root 
hairs with the water in the soil. Removal of water from any part of the 
plant, by transpiration or other processes, reduces the hydrostatic pressure 
within the plant and if rapid enough sets up a negative pressure or tension, 
resulting in an inflow of water from the soil. In Livingston’s opinion, the 
importance of osmosis and internal secretion in the absorption and move- 
ment of water is negligible. 

Bakhuyzen (i93t)) has recently suggested that differences in the electrical 
charges on the inner and outer sides of the endodermis may be responsible 
for the movement of water and solutes into the xylem and the development 
of root pressure. If such differences in charges exist their magnitude 
would be quite small and it seems probable that their influence on the move- 
ment of materials would be correspondingly small. 

It is evident that the theories bearing on the absorption of water vary 
widely in the importance attached to the activity of the living cells of the 
root. However, they seem to fall into two general groups. In the first 
group of theories, conditions maintained through the activities of the living 
cells of the root play the important part in the absorption of water, while in 
the second group the physical forces concerned operate independently of the 
activities of the living cells of the root. 

The experimental work discussed in this paper was performed in an 
attempt to throw further light on the actual role of the living cells of the 
roots in the absorption of water and in the development of positive pressures. 

Experimental Work 

Part I. A Comparison of the Volumes of Water Passing through Plant 
Tissue by Osmosis with the Volumes of Water Passing through the 
Same Kind of Tissue when Pressure and Suction Were 

Applied 

Since osmosis plays an important r 51 e in a number of theories of the ab- 
sorption of water it seemed advisable to make a comparison of the relative 
effectiveness of osmosis as contrasted with such physical forces as suction 
and pressure in the movement of water through plant tissues. The mem- 
branes used for these experiments were secured by cutting segments from the 
hollow petioles of the leaves of the tropical pawpaw, Carica papaya, growing 
in the greenhouse. 

The petioles of this plant are often 50 to 60 centimeters in length and a 
centimeter or more in diameter. A cavity six to eight millimeters in diam- 
eter extends thtough them. The osmotic value of the expressed sap of the 
petioles, as determined by the eryoscopic method, averaged about nine 
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atmospheres. The tissue of these petioles is quite compactly arranged and a 
well developed endodermis is present. Tests with various dyes indicated 
that there are no openings through which water might enter without actually 
passing through the cells. 

The method of setting up the petiole segments as membranes is shown in 
text figure i. The petioles were cut into segments 12 to 14 centimeters in 
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Text Fig. i. Cross-section through petiole segment set up as an osmometer. 

length (A). Short pieces of glass tubing (B) were slipped into each end of 
the section to prevent its collapse. Pieces of rubber tubing (C) were slipped 
over each end. The upper end was attached to a gluvss tube (D) while the 
lower end was closed by a cork stopper (E). The connections were all 
made water tight by an application of shellac and were wrapped with rubber 
bands as a further precaution against leakage. When completed this made 
a very satisfactory living membrane of about 50 layers of cells in thickness 
for use in comparing the rate of water movement by osmosis alone with the 
rate under pressure and suction. 

The structure of the petiole segments employed in these experiments 
differs somewhat from that of the root. However, it is believed that the 
differences are not such as would prevent the application of certain conclu- 
sions based on results secured with petiole sections to the movement of 
water through the tissue of the root. 

Experiment i. Measurements of the Volumes of Water Passing through 
Membranes Composed of Living Plant Tissue by Osmosis, 

hor the experiments on osmosis the cavities of the membranes were 
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filled with sucrose solutions of various concentrations. Care was taken to 
see that no air bubbles were imprisoned during the process. The mem- 
branes were then immersed in distilled water and the rate of osmosis de- 
termined by measuring the rise of the liquid in the attached tubes. The 



Text Fig. 2. Cross-section of pressure chamber. 

averages of the results are given in table i and are also shown as a curve 
(curve A) in text figure 3. 


Relative Rates of 
Movement with Increased 
Concentration 


Table i. Average Volumes of Water Entering Petiole Osmometers Pilled, with Sucrose 
Solutions of Different Concentrations 

Sofutilln^ Relative Rates of 

OsmnmMPr Movement with Increased 

Usmometer m 24 Hours Concentration 

2 Atm 0.0055 cc. i.o 

^ “ 0.0107 cc. 1.9 

0.0202 cc. 3.6 

Although the osmotic value of the contents of the cells comprising the 
membranes averaged 9 atmospheres measurable quantities of water passed 
through the membranes in all experiments where the osmotic value of the 
solution placed in the cavity of the osmometer was equal to or greater than 
one atmosphere. As shown in table i, trebling the concentration of the 
sucrose solution in the osmometers increased the rate of osmosis only 1.9 
times and increasing the concentration 6 times increased the rate of os- 
mosis only 3.6 times. 

Experiment 2. Measurements of the Volumes of Water Passing through 
Membranes Composed of Living Plant Tissue when Mechanical Pressure and 
Suction Were Applied. 



A series of membranes was set up in exactly the same manner as in 
Experiment i, except that their cavities were filled with clean quartz sand to 
prevent the collapse of the walls. The sand was saturated with water and 
the membranes immersed in distilled water and the air exhausted from within 
them by means of a vacuum pump attached to the glass tubes. A vacuum 
of lo to 20 millimeters of mercury was maintained in the tubes. The 
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amount of water passing in through the walls was determined by measuring 
the rise of the water level in the attached tubes. An average of 0.0310 cubic 
centimeters per square centimeter of surface passed through the membranes 
in 24 hours. 

The effects of pressure from without on water movement through the 
membranes were investigated by means of the pressure chamber shown in 
text figure 2. The body was made from a piece of 8-inch pipe (/I), with a 
cap (B), serving as a base. A flange union (C) was fitted to the top and a 
flat cover (D) attached to it by means of bolts. Four holes were drilled 
through the cover and hose connections (E) inserted from top and bottom 


Pressure in ai/nos^heres 

Graphic representation of volumes of water passing through membranes by 
osmosis and under pressure and suction. 


Text Fig. 3 
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SO that rubber tubing could be attached on both sides of the cover. Mem- 
branes were prepared from petiole segments as for the suction experiments, 
except that they were not attached to glass tubes. Instead they were at- 
tached to the hose connections on the lower side of- the cover in such a 
manner that when the cover was in place they would be immersed in the 
water which partially filled the chamber. Three membranes could be at- 
tached at one time, the fourth hose connection being used to attach a pump. 
Pressures of 7.5, 15, and 30 pounds per square inch above atmospheric pres- 
sure were employed. The pressures were produced by means of a tire pump 
connected with the air space. left above the water in the pressure chamber. 
Glass tubes were attached to the hose connections on the upper side of the 
cover in order to measure the flow of water into the petiole sections when 
pressure was applied. The results are given in table 2 and are also shown as 
curve B in text figure 3 where the volume secured by the application of 
suction is represented by point C. 

Table 2. Average Volumes of Water Passing through Membranes under Pressure 

Vol. of H2O Passing Relative 

Pressure through per sq. cm. of Rates of 

Area in 24 Hours Movement 

7-5 lbs. 0.0328 CC. I.O 

15-0 ‘‘ 0.0660 CC. 2.0 

30*0 0.1429 CC. 4.3 


Discussion 

In Experiment i increasing the concentration of the sucrose solution in 
the osmometers always resulted in an increase in the rate of movement of 
water through the membranes. However, the increase in the rate of move- 
ment was not proportional to the increase in concentration. Reference to 
table I shows that trebling the concentration of the sucrose solution in- 
creased the rate of osmosis only 1.9 times, while increasing the concentration 
six times increased the rate of osmosis only 3.6 times. Water passed in 
through the membranes in all experiments where a sucrose solution having an 
osmotic value of one atmosphere, or more, was placed in the cavity of the 
osmometer. When distilled water was placed on both sides of the membrane 
there was no evidence of movement in either direction. Apparently the 
movement of water across the membrane by osmosis was not seriously 
affected by the osmotic value of the contents of the cells comprising the 
membrane even when that value was higher than the osmotic value of the 
solution within the osmometer. Evidently water will pass by osmosis 
across a multicellular membrane into a solution having a lower osmotic value 
than that of the cells of the membrane, provided that the cells of the mem- 
brane are turgid and therefore have a low suction tension. It seems prob- 
able that such a movement may occur in roots, water moving from the soil 
to the conducting vessels across a membrane formed by the turgid cortical 
cells. These results agree with those expected on the basis of the suction 
tension theory of the movement of water through plant tissues. 
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A comparison of the figures for suction and pressure given in text figure 3 
shows that over twice as much water per unit of area passed through the 
membrane in a given period of time when a pressure of one atmosphere or 
15 pounds per square inch was applied to the outside as passed through 
when the pressure was reduced to 10 to 20 millimeters of mercury on the 
inside though the difference between the pressure inside and outside was 
approximately the same for both suction and pressure. However, the mag- 
nitudes of the pressures involved were different. When the air was ex- 
hausted by a vacuum pump the pressure on the water inside the membrane 
was reduced to almost zero while the pressure on the water outside the mem- 
brane still amounted to one atmosphere. When a pressure of one atmosphere 
was applied to the water outside the membrane the total pressure on the 
water outside amounted to two atmospheres while there was a pressure of 
one atmosphere on the water inside the membrane. It is suggested that 
under suction the air in the tissue may expand so that air bubbles are trapped 
in the intercellular spaces, reducing the rate of movement of water. Under 
pressure such bubbles might contract and be displaced by water, resulting in 
an increased flow. 

As long as either pressure or suction was applied to the membranes, 
bubbles appeared in the attached tubes. These probably consisted chiefly 
of dissolved air which came out of solution due to the reduced pressure inside 
of the membrane. The bubbles probably also contained some CO2 formed 
during respiration by the living cells of the membrane. 

It appears that the rate of movement of water by osmosis across a multi- 
cellular membrane composed of living cells is very slow as compared to its 
movement under mechanical pressure. It seems doubtful whether or not 
sufficient water could enter the roots of an actively transpiring plant by such 
an osmotic process as the one described to replace that lost in transpiration. 

Part II. The R61e of the Living Cells of the Roots in the Absorption of 
Water by Actively Transpiring Plants 

As stated in the introduction, various workers have suggested that when 
a plant is transpiring rapidly enough to set up a tension in the water con- 
ducting vessels this tension may be continuous from the xylem acrovss the 
cortex of the root to the walls of the epidermal cells and root hairs. The re- 
moval of water from the xylem vessels would result in the withdrawal of 
water and a lowering of the saturation of the absorbing cells of the root and 
consequently an inflow of water from the soil would then occur. 

If this is true, an increase in the rate of transpiration should increase the 
tension in the hydrostatic system and consequently increase the amount of 
water absorbed, provided that the roots were in moist soil. The living ceils 
of the roots would play but little part in such a process other than to act as 
absorbing surfaces. A series of experiments was planned to test these sug- 
gestions in which the conditions occurring in the water conducting vesvsels 
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during transpiration were partially duplicated by attaching a vacuum pump 
to the cut end of the stem of the plant. ^ ^ 

Experiment i. A Comparison of the Volumes of Water Exuding from the 
Cut Stems of Plants with and without the Application of Suction. 

Several species of potted plants having well developed root systems were 
used m Ais experiment. The pot and lower part of the stem were sub- 
merged m water and the stem cut off below the surface of the water A 
g ass tube was then attached to the stump by means of a piece of rubber 
mg. The pot was removed from the water and the connections made air 
and water tight by an application of sealing compound. The amount of 
water exuding due to “root pressure” was determined for a twelve hour 
period by measuring the rise of the water column in the attached tube. The 
air was then exhausted from the tube by means of a vacuum pump and the 
amount of water secured under reduced pressure ascertained for a twelve hour 
period. The results are summarized in table 3, the figures given for each 
species being averages of several plants. 


Table 3. A Comparison of the Volumes of Water Exuding from Cut Stems of Various Species 
of Plants Vue to Root Pressure" Alone, and under Suction 



“ Root 
Pressure” 

Suction 

Percent Increase 
Secured by Adding 
Suction 

Bryophyllum calycinum . . 


0.74 cc. 

516% 

Coleus hlumei , , 


Fuchsia mazellanica . . . 


1.08 cc. 
9.66 cc. 
2.84 cc. 
1.96 cc. 

575 

Helianthus annuus .... 

0.50 cc. 

544 

Pelargonium hortorum 

X 4 X ^ On.* • 

0.38 cc. 

153 

Ptcea excelsa 

415 

Lycopersicum esculentum .... 

U4UU CC* 

0.00 cc. 
4-93 cc. 

— 


0*92 CC 

435 


The amount of water exuding from the cut stems due to “ root pressure” 
alone was increased by 153 to 575 percent for the same period of time when 
suction was applied. Apparently only a slight difference between the pres- 
sure inside and outside the plant results in a marked increase in the rate of 
movement of water into and through the root system. No water exuded 

from the cut stems of the Norway spruce seedlings even when suction was 

applied. 

_ Experiment 2. A Comparison of the Volumes of Water Secured by Apply- 
ing Suction to Living Root Systems with the Volumes Secured by Applying 
Suction to the Same Root Systems after They had been Killed. 

The root systems used in Experiment i were killed by immersing the 
pots m hot water until a soil temperature of 58 to 60° C. was attained near 
the center of the pot. A vacuum pump was attached to the dead root sys- 
tems and the amount of water secured in a twelve hour period was measured 
and compared with the amount secured from the same root systems while 
they were alive. The soil surrounding both living and dead root systems 
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was saturated during the time suction was applied. The data given in 
table 4 are averages for several individuals of each species. 


Table 4. A Comparison of the Volumes of Water Passing through Livmg and Dead Root 

Systems under Suction 



Living Roots 

Dead Roots 

Percent Increase 
Secured by Killing 

Root Systems 

Fuchsia magellanica 

9.66 cc. 

17.80 CC. 

84% 

Helianthus annuus 

3-57 cc. 

67.50 CC. 

1790 

Pelargonium hortorum 

1.48 cc. 

4.99 CC. 

237 

Phaseolus vulgaris 

1.90 cc. 

5.00 CC. 

163 

Picea excelsa . 

0.00 cc. 

1.85 CC. 

— 

Lycopersicum esculentum 

3.15 cc. 

13.64 cc. 

333 


Evidently killing the cells of the roots decreased the resistance to water 
movement, as more water was secured in all cases from the dead root systems 
than had been obtained from the same root systems while alive. 

Experiment 3. Observations on the Behavior of Transpiring Plants after 
the Roots Were Killed. 

Since water so readily passed through dead root systems when suction 
was applied to the cut stems, experiments were performed to determine 
whether or not the removal of water by transpiration would be equally 
effective in causing an intake of water from the soil. If this were the case 
the tops of transpiring plants should remain alive and unwilted although the 
roots were killed. 

The roots of a number of tomato plants were killed in the manner de- 
scribed in Experiment 2. This method of killing left the tops uninjured* 
These plants were kept well watered and their behavior was compared with 
that of plants with living root systems which were growing in soil to which 
no water was added. If the plants with dead roots were able to secure water 
from the moist soil they should remain unwilted after the plants with living 
roots had absorbed the available water from the un watered soil and had 
wilted. Similar experiments were performed with sunflower and bean 
plants. In no case did the plants with dead roots wilt as soon as the plants 
with living roots which were growing in similar un watered soil. 

The roots of a number of sunflower seedlings were killed by heating the 
water in which they were growing to 58° C. The water in w’^hich the roots 
were immersed was changed daily and the plants remained unwilted for 7 to 
10 days. Evidently the plants were able to absorb water for a time even 
though their roots were entirely dead. All the plants were kept on a table in 
the greenhouse, exposed to sunlight, during the course of these experiments. 

Discussion 

The results of these experiments agree in most respects with those se- 
cured by other workers. Jost (1916) likewise found that the application of 
suction to the stumps of plants gave varying results. The flow of water was 


Feb., 1932] 


KRAMER — ABSORPTION BY ROOTS 


159 


r 




considerably increased in plants which normally exhibit such an exudation 
from cut surfaces, but only small quantities were secured from plants which 
do not normally show exudation without suction. In no case was the amount 
of water obtained sufficient to meet the requirements of even moderate 
transpiration. The amount of water secured was not proportional to the 
amount of suction applied, the amount of water increasing more rapidly than 
the amount of suction. Bode (1923) found that the amount of water secured 
by applying suction to Phaseolus root systems was directly proportional to 
the amount of suction employed. He also found that under constant suction 
the amount of water secured increased with increased temperature. No 
work on dead root systems was reported. 

Reference to table 3 shows that reducing the pressure at the surface of 
the cut stems to approximately zero always markedly increased the move- 
ment of water into and through the root system. In rapidly transpiring 
plants negative pressures of many atmospheres often occur in the hydro- 
static system. It appears that the absorption of water might be propor- 
tionately increased in such cases by the much greater difference in pressure 
inside and outside the plant, provided that the roots were in moist soil 
where the available water supply did not limit absorption. 

Such a theory reduces the r 61 e of the living cells of the roots to that of a 
mere absorbing surface, a r 61 e which might in some revSpects be filled as well 
by dead as by living cells. This view is supported by the fact that more 
water always passed through when suction was applied to the dead roots 
than when suction was applied to the same root systems while alive (see 
table 4). Furthermore, experiments with tomato, bean, and sunflower plants 
indicate that sufficient water can be absorbed through dead root systems to 
replace that lost in transpiration and used in other processes. 

The plants lived one to two weeks after their roots had been killed. It 
appears probable that their eventual death was not entirely due to desicca- 
tion, but at least in part resulted from the escape of deleterious substances 
from the dead cells of the roots. Dixon (1914) noted that when a portion of 
a stem is killed by heat the leaves above the killed portion soon die. His in- 
vestigations indicated that death is in part due to the effects of toxic sub- 
stances escaping from the dead cells in the killed portion of the stem and in 
part to the clogging of the vessels by gum-like substances. The clogging 
of the vessels by bacteria might also be a factor in the death of the plants in 
the present experiments. No data were obtained on the rate of decomposi- 
tion of the dead root systems. 

The three-year-old seedlings of Picea excelsa showed a marked difference 
in behavior from the other plants investigated. Not only was there no 
evidence of the development of positive pressures in the roots, but no water 
was secured when suction was applied to the living root systems. Con- 
siderable quantities of water were obtained (see table 4) when suction was 
applied to the dead root systems. Some of the spruce seedlings were placed 
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in the pressure chamber and a pressure of 12 to 15 pounds per square inch 
applied. Water was forced through the root systems into the attached 
tubes. This is in agreement with the results secured in Part I, Experiment 
2, where one atmosphere of pressure on the outside was found to be more 
effective than a vacuum on the inside in causing the movement of water 
through plant tissue. 

The increased volume of water secured from dead root systems as com- 
pared with living root systems may perhaps be attributed to the fact that the 
protoplasts of the living cells offer considerable resistance to the movement of 
water and this is lessened by the changes in viscosity and permeability 
brought about by the death of the cells. The water obtained from the dead 
root systems was yellow in color, probably due to the presence of organic 
matter which escaped from the dead cells. 

The results of these experiments seem to justify the conclusion that in 
actively transpiring plants the living cells of the roots play no direct part in 
the absorption of water beyond the maintenance of widely distributed ab- 
sorbing surfaces. Indirectly they are important in that they prevent the 
entrance of air into the conducting vessels and by growth continually extend 
the absorbing area of the roots. 

It appears that the movement of water from the soil into the conducting 
vessels of actively transpiring plants may be due to the tension or negative 
pressure existing in the hydrostatic system of the plants. The removal of 
water from the conducting vessels tends to reduce the pressure inside the 
plant below the pressure exerted on the water in the soil. The difference 
in pressure may be less than one atmosphere or if a tension is developed in 
the conducting vessels it may amount to many atmospheres. 

The movement of water under such conditions has been termed a mass 
flow. However, it has been objected that if it is a mass flow minerals 
would enter with the water, and the work of Hasselbring (1914), Muenscher 
(1922), and others shows that the absorption of minerals proceeds inde- 
pendently of the absorption of water. It has been called an osmotic process, 
but the movement is not due to a difference in concentration of solutes on 
opposite sides of a differentially permeable membrane. The decreasing 
gradient of vapor pressure (or increasing gradient of suction tension) from 
the periphery to the vessels of the root is largely due to the decreased pres- 
sure in the water-conducting vessels and not to the presence of a higher con- 
centration of solutes in the vessels. Whether the movement of water across 
the cortex of the root is termed a mass movement or a dift'usional process 
depends principally on the definition of the term employed. Whatever 
terminology may be preferred, it appears that the cells of the root have the 
role of a passive filter in the process. 
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Part IIIo The Role of the Living Cells of the Root in the Development of 

‘‘ Root Pressure ” 

The explanation given in Part II of the absorption of water by actively 
transpiring plants could not apply to plants in which a positive pressure i jl 

exists in the conducting vessels. The numerous theories advanced to ex- i| 

plain the development of positive pressures all depend in some manner on I || 

the presence of living cells in the roots. In the present investigation no 
exudation of water from cut stems was observed after the roots were killed. 

If the presence of living cells is necessary, as this fact seems to indicate, the 
problem is to determine their rdle in the process. 

It was long supposed that there was an osmotic gradient from the 
periphery to the central cylinder of the root, the root hairs having the lowest 
osmotic pressure and the cells adjacent to the xylem having the highest 
osmotic pressure. However, this did not explain how water passes from the 
parenchyma cells with a high osmotic pressure into the vessels which are 
known to contain a solution of much lower osmotic pressure. Various 
mechanisms have been proposed which might “secrete” water into the 
vessels but none of them have been shown to be actually operative. 

According to another view the living cells of the root act as a complex, 
differentially permeable membrane across which water moves by osmosis 
from the vsoil to the dilute solution in the xylem vessels. The same principle 
was involved in the operation of the osmometers used in experiments de- 
scribed ill Part I, Experiment i. It was found in that experiment that the 
movement of water across a multicellular membrane of living tissue was 
apparently not seriously affected by the osmotic value of the contents of the 
cells comprising the membrane, even when that value was higher than the 
osmotic value of the solution within the osmometer. Similarly, so long as 
the cells of the cortical tissue of the root remain turgid the fact that their 
osmotic value is much higher than that of the sap of the vessels would not 
prevent the movement of water from the soil to the vessels by osmosis. 

If such a mechanism actually operates in roots no “root pressure” 
should be exhibited by plants the roots of which are immersed in a solution 
with an osmotic value as high as or higher than that of the sap in the 
xylem vessels. 

Experiment i. The Effects of Immersing the Root in Sucrose Solutions on 
the Development of Positive Pressure. 

A number of sunflower seedlings were grown to a height of 8 to 10 inches 
in tap water. When the tops were removed and glass tubes attached to the 
cut stems the presence of positive pressures was indicated by the rise of the 
water columns in the attached tubes. The water surrounding the roots 
was replaced by a sucrose solution having an osmotic value of one atmosphere, 
and no further exudation of water occurred. When the roots were returned 
to water a positive pressure was again manifested. Sunflower seedlings 
with intact tops remained unwilted in a sucrose solution having an osmotic 
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value of two atmospheres even when placed under conditions favoring rapid 
transpiration. 

Well rooted chrysanthemum cuttings growing in tap water showed a 
strong positive pressure when their tops were removed. The exudation of 
water was greatly reduced when the roots were placed in a sucrose solution 
having an osmotic value of one atmosphere and an actual loss of water oc- 
curred when the roots were immersed in a sucrose solution having an osmotic 
value of two atmospheres. 

Discussion 

It appears that in plants in which little transpiration is occurring and in 
which positive pressures are manifested, most of the water absorbed may 
move from the soil to the conducting vessels by osmosis across the differ- 
entially permeable membrane formed by the living cortex of the root. 

This theory is supported by the fact that immersing the root systems in a 
solution having an osmotic pressure of one or two atmospheres prevented the 
development of positive pressure and the accompanying exudation of water 
from the cut stems. The actual concentration of the sap contained in the 
vessels of the roots of these plants was not determined. However, it seems 
probable that the concentration was lower, or at least no higher, than the 
concentration of the sucrose solutions which stopped the exudation of water. 

According to Atkins (1916) the higher concentration of sugar in the ves- 
sels in the spring causes an increased inflow of water by osmosis. This 
results in an increased hydrostatic pressure and the appearance of the bleed- 
ing phenomena characteristic of that season. MacDougal, Overton, and 
Smith (1929) point out that all sap pressures found in the stems of plants 
should not be attributed to the osmotic action of the roots as other factors 
are probably involved. They state that capillary absorption by the vessels 
and wood cells and hydration of the adjacent tissues may play a part in the 
development of such pressures. 

The fact that sunflower plants with attached tops remain unwilted in 
sucrose solutions in which the root systems with tops removed showed no 
exudation of water indicates that water was absorbed by the complete plants 
under conditions where the decapitated plants absorbed no appreciable 
quantity or in some cases even lost water. This supports the view that the 
complex of forces concerned in the absorption of water by plants in which 
little transpiration is taking place differs from the complex of forces con- 
cerned in the absorption of water by an actively transpiring plant. 

Summary 

An investigation has been carried out to determine the rdle of the living 
cells of the root in the absorption of water and in the development of “root 
pressure.” A distinction is made between the absorption of water by ac- 
tively transpiring plants and by plants in which little transpiration is occur- 
ring, as the complex of factors bringing about the absorption of water under 
the two sets of conditions is apparently quite different. 
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1. A multicellular membrane composed of a number of layers of living 
cells may act as a differentially permeable membrane. Such a membrane is 
formed by the cortex of the root. 

2. The fact that the osmotic value of the contents of the cells comprising 
the membrane is considerably higher than the osmotic value of the solution 
on either side of the membrane does not prevent the movement of water 
across the membrane by osmosis. 

3. It appears that under conditions of reduced transpiration most of the 
water absorbed by plants may move from the soil to the conducting vessels 
of the roots by osmosis across the differentially permeable, multicellular 
membrane formed by the living cortex of the root. The accumulation of 
water in the vessels may result in the development of a positive hydrostatic 
pressure or 'Toot pressure.” 

4. Positive pressures were manifested at the cut surfaces of stems only 
when the roots were alive. Immersing the living root systems in dilute 
sucrose solutions stopped the exudation of water from the cut stems. 

5. The rate of movement of water by osmosis through a multicellular 
membrane composed of living plant tissue was found to be much slower than 
the rate of movement through the same kind of membrane when suction or 
a pressure of one atmosphere was applied. 

6. In view of the slow movement of water by osmosis it is doubtfu 
whether or not an actively transpiring plant could absorb enough water by 
the usual type of osmotic process to replace that lost in transpiration. 

7. Experiments were performed in which the conditions occurring in the 
water-conducting vessels during transpiration were partially duplicated by 
attaching a vacuum pump to the cut stem of the plant. It was always 
found that the amount of water exuding from the cut stems was much greater 
in a vacuum than under atmospheric pressure. 

8. The results of experiments in which the root systems were killed and 
suction applied indicate that in moist soils as much (or more) water can be 
absorbed for a few days through dead root systems as through the same root 
systems while alive. 

9. The tops of plants with dead root systems remained alive and unwilted 
for several days, indicating that sufficient water was being absorbed through 
the dead roots to replace that lost in transpiration and used in other processes. 

10. The movement of water from the soil into the conducting vessels of 
the roots of actively transpiring plants is probably largely due to the state of 
tension set up in the hydrostatic system of the plant when water is removed 
by transpiration or other processes. 

11. The role of the living cells of the roots in such an absorption process 
is apparently a passive one. Indirectly they are important as absorbing 
surfaces, in preventing the entrance of air into the vessels, and in the exten- 
sion of the absorbing area by growth. 



This work was carried on at the Ohio State University during the years 
1929-1931. The writer wishes to express his appreciation to Dr. E. N. 
Transeau, under whose direction the work was performed, and to other 
members of the staff who offered helpful suggestions. 

Duke University, 

Durham, North Carolina 
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TWO NEW TROPICAL AMERICAN SPECIES OF ADIANTUM I [ 


William R. Maxon and C. A. Weatherby I 

f 

(Received for publication August 31, 1931) j. 

The two new maidenhair ferns here proposed have recently been col- | 

lected rather commonly in the course of botanical exploration in Panama I 

and Central America. They were recognized by each of the writers inde- [ 

pendently as probably undescribed, and are based wholly upon material in 
the U. S. National Herbarium and the Gray Herbarium of Harvard Uni- 
versity. . I 

Adiantum decoratum Maxon & Weatherby, sp. nov. j: 

§ Euadiantum; species pulchra rachibus paleis subulato-capillaceis ;; 

divaricatis persistentibus numerosissimis ubique praeditis insignis, habitu !; 

A. ptdverulento non dissimilis sed ut videtur A. glaucescenti affinis, quod dif- 
fert: rachibus gracillimis lucidissimis paleis carentibus, segmentis tenuiter 
membranaceis mediocriter lobatis, soris vero lunatis valide discretis partem j' 

medium late retusam loborum insidentibus. 1 

Rhizome short-creeping, 2-5 cm. long, 4-7 mm. thick, coarsely and un- 
evenly nodose from the stout pseudopodia of old fronds, closely paleaceous, 
especially toward apex; scales tufted, light to dark brown, 4-5 mm. long, 
reticulate, lance-subulate, deciduously ciliate toward the base, remotely 
denticulate toward the long-attenuate tip. Fronds 2 or 3, approximate, I 

laxly ascending, 40-90 cm. long; stipes somewhat longer than the blades, 
stout, atropurpureous, obtusely trigonous, deeply sulcate ventrally, lustrous, 
conspicuously shaggy wdth very numerous, wide-spreading, subulate- 
filiform scales (4-5 mm. long, mostly with appressed fimbriate-stellate base), ;{ 

these extending freely to the rachises throughout; blades impari-bipinnate 
(rarely 3-pinnate at base), 25-50 cm. long, 20-40 cm. broad; pinnae 7-16 
(’22), 2-4 cm. broad, linear-oblong to elliptic-oblanceolate, alternate, spread- 
ing, simply pinnate or (exceptionally) the 2 or 3 lowermost pairs fully bi- 
pinnate at base; segments 15-30 pairs, distinctly petiolulate, non-articulate, 
oblique, the median ones rhombic-oblong from a subrectangular or broadly 
cimeate inequilateral base, straight or lightly falcate, rounded -obtuse or (if | 

fertile) often muticous at apex, 1.5-2. 5 cm. long, 5-8 mm. broad, the basal ’ 

ones reduced, short-rhombic to orbicular-flabelliform, the terminal ones 
lanceolate to narrowly and unequally lobate-hastate ; sterile pinnae entire at 
lower margin , unequally serrulate at upper margin and apex ; veins prominu- | 

lous, rather close, mostly 2 or 3 times forked; leaf tissue membrano-herba- 
ceous, dark green, lustrous, and striolate above, beneath glaucous, often 
conspicuously so; sori borne mostly on segments of the lower half of the 
pinnae, oblong or sometimes sublunate, 2-3 mm. long, occupying the upper 
margin and apex, adjacent, the reflexed marginal lobe very narrow, closely 
revolute, glabrous, the true indusium ample (0.5-0. 8 mm. broad), brownish, 
membranous, glabrous, erose to coarsely dentate-fimbriate ; spores triplanate, 
obtusely 3-lobed, about 35 /x in diameter, yellowish, granular. 
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Type in the U. S. National Herbarium, no. 1,216,077, collected along the 
Rio Tapia, province of Panama, Panama, in wet forest, Dec. 7, 1923“jan. 1 1 , 
1924, by Paul C. Standley (no. 26216). 


The following additional specimens have been examined: 

PanamA: Near Tapia River, Maxon & Harvey 6y2i. Between Bella 
Vista and Las Sabanas, Killip 2^ jg. Along Chepo River, Killip 2675. 
Along Rio Chilibre, Piper ^6yo, Anc6n Hill, Killip 2500. 

Costa Rica: Cerro Turubares, Orotina, alt. 250 meters, Jimenez 602. 
Capullin, on the Rio Grande de Tarcoles, Prov. Alajuela, alt. 80 meters, 
Standley 40174. Nicoya, alt. 200 meters, Cook Sf Doyle 655. Matambu, 
Nicoya Peninsula, alt. 600 meters. Cook Doyle 693. Nicoya, Tonduz 
(Herb. Mus. Nac. C. R., no. 13766). Gorge of Machuca River, near San 
Mateo, alt. 50-300 meters, Biolley (Pittier, no. 2017); Biolley (Herb. Mus. 
Nac. C. R., no. 17392). Cangrejal de Aserri, April, 1906, Biolley s. n. 

Nicaragua: Region of Braggman’s Bluff, Englesing 219. 

Guatemala: Los Amates, alt. 50 meters, Deam 488. 

Honduras: San Pedro Sula, Dept. Santa Barbara, alt. 300 meters, 
J. D. Smith 5645. 

Of the material just cited only two or three specimens had previously 
been named. In aspect the larger fronds of A . decor alum somewhat suggest 
A. pulverulentum, although the prevailingly monosorous segments, the non- 
glaucous under surfaces, and the subtomentose rachises sharply distinguish 
that species technically. The relationship, though not close, is rather with 
A. glaucescens Kunze, of the Guianas, which differs greatly in its slender non- 
paleaceous rachises, delicately membranous leaf tissue, and widely discrete 
sori, the segments being distinctly lobed and bearing the truly lunate sori in 
the broadly retuse middle portion of the lobes. The widely divaricate, 
mostly curved, capillary scales, which thickly clothe the stipe and rachises 
of A. decoratum throughout, are distinctive in this group of species. 


Adiantum Killipii Maxon & Weatherby, sp. nov. 

§ Euadiantum; facie staturaque et numero pinnarum necnon forma et 
dispositione segmentorum A. laHf olio simile, sed rhizomate breviter repen te 
nodoso nec funiforme et laevi, segmentis subtus laxe et sparse flexuoso- 
villosis nec glabris, et lobis fertilibus reflexis hirtellis facillime distinguendum. 

Rhizome creeping (5-15 cm.), 3-6 mm. thick, densely nodose from the 
short pseudopodia of old fronds, paleaceous at exposed apex; scales tufted, 
bright brown, lustrous, 3-4 mm. long, linear- or lance-attenuate to a filiform 
tip, distantly retrorsely denticulate. Fronds closely tristichous, ascending, 
35-80 cm. long, the stipes usually a little longer than the blades, stout, 
atrocastaneous, triangular-sulcate, lustrous, beset with pale fibrillose scales, 
glabrescent; blades 20-35 cm. long, about as broad, impari-bipinnate, the 
atrocastaneous rachises thickly beset with pale appressed fibrillose scales 
and dark brown spreading subulate scales with dilated substellate bases; 
pinnae 3-8, alternate, spreading or laxly ascending, lance-oblong to linear- 
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oblong or oblong, petiolate (5-10 mm.), the terminal one longest; segments 
10-20 pairs, approximate or subdistant, spreading, subsessile, non-articulate, 
straight or subfalcate, oblong to linear-oblong from a subrectangular or 
broadly cmieate inequilateral base, rounded-obtuse at apex, 2-4 cm. long, 
5-15 mm. broad, the basal ones reduced, rhombic-orbicular, the terminal 
lanceolate, long-acuminate, inequilateral, free, sometimes shallowly rounded- 
lobate at one side; sterile margins evenly denticulate-serrate; midrib obscure, 
developed only in basal third; veins mostly 2 or 3 times foi'ked, elevated 
above, sparsely beset beneath with long, brown, stiff, simple, curved or 
fiexuous, septate hairs; leaf tissue firmly membrano-herbaceous, pliable, 
above lustrous, dark green, glabrous, and obliquely “sclerotic ’’-striate 
between the veins, beneath glaucous; fertile pinnae predominating; sori 
occupying the whole margin beyond the extreme base, mostly linear, dis- 
crete, straight or arcuate, the refiexed marginal lobules hirtellous, the narrow 
true indusium glabrous, minutely glandular-erose; spores triplanate, ob- 
tusely 3-lobed, about 35 fx in diameter, yellowish, granular. 

Type in the U. vS. National Herbarium, no. 863,376, collected on Anc6n 
Hill, Canal Zone, in deep woods, Dec. 29, 1917, by E. P. Killip (no. 2752). 

Other material examined is as follows : 

Panama: Ancon Hill, C. Z., in moist dense or open woods, Killip 2503, 
2510, 2587, 12068; Piper 5589. Barro Colorado Island, Gatun Lake, 
Standley 31330; Kenoyer 53; Wetmore & Woodworth 120. Pacora, Killip 
2725. Juan Diaz, Killip 2545. Cuatro Calles, near Matachin, C. Z., 
Pitiier 4042. Frijoles, C. Z., Killip 2834. Porto Bello, Billberg, in 1826. 

Trinidad: Path from Macqueripe to Diego Martin, alt. 60 meters, 
Ilombersley 330. 

French Guiana: In declivis montium Guyanae centralis, Oyapok 
superius, Leprieur, in June, 1833. 

The present species, which was first collected by Billberg in Panamd 
more than a hundred years ago, is beautifully represented in the series 
brought together by Mr. Killip. Superficially, detached fronds often bear a 
close resemblance to those of A. latifolium; but as noted above, A. Killipii 
difters obviously from that species in its persistently flexuose-villous under 
surfaces and in its short-creeping, strongly nodose rhizome and subcespitose 
fronds. In A . latifolium the fronds are borne at wide intervals on the greatly 
elongate, smooth, slender, cordlike rhizome. 

In spite of the disparity in size A . Killipii is probably more closely related 
to A . terminatum Kunze, of South America, especially in its hairy pinnae and 
in rhizome characters; but in that species the segments are several times 
smaller and are linear-oblong, decurved, more freely flexuose-hirsute be- 
neath, and not at all glaucous, and the sori are very much smaller, frequently 
minute and suborbicular, then appearing like a very narrow moniliform 
border. 

United States National Museum, 

Washington, D. C., and 

The Gray Herbarium, 

Harvard University, 

Cambridge, Massachusetts 






SOME PROPERTIES OF PLANT SUBSTANCES IN RELATION 
TO CLIMATE OF HABITAT-VOLATILE OILS, SAPONINS, 

. CYANOGENETIC GLUCOSIDES, AND CARBOHYDRATES 

James B. McNair 

(Received for publication September i, 1931) 

The object of this paper is to show the climatic and taxonomic distribu- 
tion in gymnosperms and angiosperms of volatile oils, saponins, cyanogenetic 
glucosides, and carbohydrates, as well as the variations in the general 
physical and chemical properties of these substances in relation to the cli- 
mates which produce them. 

Volatile Oils 
Data and Definitions 

Data as to approximately 938 volatile oils have been assembled and re- 
classified for this paper from Gildemeister’s '‘The Volatile Oils.” 

Volatile, essential, or ethereal oils are aromatic volatile substances of an 
oily nature usually obtained by the distillation of vegetable products with 
steam. They are generally liquid, though sometimes semi-solid at ordinary 
temperatures, slightly soluble in water, soluble in alcohol, ether, benzene, 
light petroleum, and most organic solvents. They are found in all parts of 
the plant or tree, some occurring in the woody stems or roots, others in the 
bark, leaves, flowers, and fruits. Many essential oils are complex mixtures, 
containing constituents belonging to various classes of organic compounds, 
as hydrocarbons, alcohols including phenols, aldehydes, acids, esters, phenol 
ethers, ketones, lactones, quinones, oxides, bases, sulfides, mercaptans, 
nitriles, and isothiocyanates. In some cases the oil consists almost entirely 
of one constituent, e.g., bitter almond oil (benzaldehyde), black mustard oil 
(allyliso-thiocyanate) , and wintergreen oil (methyl salicylate). They are 
distinguished from fatty oils by their acrid taste, volatility, aromatic odor, 
solubility in alcohol, non-greasiness, and non-glycerine content. 

Climatic and Taxonomic Distribution 

The essential oil-bearing families of the gymnosperms and angiosperms 
as recently listed by Gildemeister and Wolff and divided climatically accord- 
ing to Engler and Gilg (1919) and Willis (1925) are as follows. Tropical: 
Pandanaceae, Palmae, Araceae, Zingiberaceae, Urticaceae, Menispermaceae, 
Anonaceae, Myristicaceae, Monimiaceae, Lauraceae, Pittosporaceae, Ery- 
throxylaceae, Humiriaceae, Zygophyllaceae, Burseraceae,Meliaceae,Anacar- 
diaceae, Sapindaceae, Gonystilaceae, Tiliaceae, Sterculiaceae, Guttiferae, 
Dipterocarpaceae, Winteraceae, Myrtaceae, Apocynaceae, Asclepiadaceae, 
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Convolyulaceae, Acanthaceae, Rubiaceae, Piperaceae, Turneraceae, Carica- 
ceae, Vitaceae, Orchidaceae, Moraceae, Araliaceae, and Verbenaceae; tropi- 
cal-subtropical : Tropaeolaceae, Theaceae, Geraniaceae, Iridaceae, and Mag- 
noliaceae; subtropical: Hamamelidaceae and Myricaceae; subtropical-tem- 
perate: Taxaceae; temperate: Salicaceae, Juglandaceae, Betulaceae, Caryo- 
phyllaceae, Ranunculaceae, Papaveraceae, Cruciferae, Saxifragaceae, Cista- 
ceae, Umbelliferae, Primulaceae, Gentianaceae, Resedaceae, Caprifoliaceae, 
Pinaceae, Polygonaceae, and Pyrolaceae; and widely distributed : Gramineae’, 
Ulmaceae, Leguminosae, Polygalaceae, Aquifoliaceae, Celastraceae, Viola- 
ceae, Thymeliaceae, Oleaceae, Scrophulariaceae, Compositae, Santalaceae, 
Aristolochiaceae, Rutaceae, Euphorbiaceae, Lythraceae, Solanaceae, Mal- 
vaceae, Liliaceae, Rosaceae, Ericaceae, Labiatae, Valerianaceae, and 
Chenopodiaceae. 

The climatic distribution of essential oil families may be compared with 
the climatic distribution of the total number of plant families. Making use 
of the climatic distribution of these as determined from Engler and Gilg, and 
W illis, it becomes apparent that of the 295 families of gymnosperms and 
angiosperms 87, or 29.49%, contain essential oils. Of a total number of 153 
tropical families 38, or 24.84%, have essential oils; of 15 tropical-subtropical 
families 5, or 33.33%, have essential oils; of 8 subtropical families 2, or 
25.00%, have essential oils; of 7 subtropical-temperate families i, or 14.28%, 
has essential oils; of 50 temperate families 17, or 34.00%, have essential oils; 
and of 57 families of widely distributed habitats 24, or 42.10%, have 
essential oils. 

Of the 87 plant families from which volatile oils have been obtained 38, 
or 43-65%, are tropical; 5, or 5.74%, are tropical-subtropical; 2, or 2.29%, 
are subtropical; i, or 1.14%, is subtropical-temperate; 17, or 19.51%, are 
temperate; and 24, or 27.58%, are widely distributed. 

General Properties 

Acid Value, The acid value is a measure of the free acids in the volatile 
oil. It is the number of milligrams of potassium hydroxide necessary to 
neutralize the free fatty acids in i gm. of oil. Table i shows the maximum 
and average acid values of the temperate oils to be greater than those of 
the tropical. 

Saponification Value, This is the quantity of potassium hydroxide in 
milligrams necessary to saponify i gm. of oil. According to table i the 
maximum and average saponification values of the temperate oils are greater 
than the corresponding values of the tropical. 

Ester Value, This value is the difference between the saponification 
value and the acid value. It is therefore the number of milligrams of po- 
tassium hydroxide needed to saponify the neutral esters in i gm. of oil. 
The ester values (table i) correspond to those of the acid and saponification 
values in being larger for the temperate oils than for the tropical. It is 
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evident, therefore, that the quantity of esters as well as their constituent 
parts (alcohols and acids) is greater for volatile oils of temperate climates 
than for tropical oils. 

Refractive Index. This is the ratio of the velocity of light in the oil 
compared with its velocity in air under the same conditions. The maximum, 
minimum, and average refractive indices for oils of temperate plants are 
lower than the equivalent values of tropical oils. As high refractive values 
may denote a small number of double bonds it may be that tropical oils 
contain a greater number or larger amounts of unsaturated substances than 
temperate oils. A high refractive index may also indicate a large quantity 
of compounds of high molecular weight. 

Optical Rotation. Optical activity is the power of a substance or vSolution 
to rotate the plane of vibration of polarized light either to the left or to the 
right. It is characteristic of compounds containing an asymmetric atom — 
usually a carbon atom. Most volatile oils have this property. Temperate 
oils according to the maximum, minimum, and average figures in table i 
are more laevorotatory than tropical, while tropical are more dextrorotatory. 
A superabundance of laevorotatory compounds may therefore be expected in 
tropical oils, while the opposite may be expected in temperate. The devia- 
tion is of approximately equal intensity in both cases. 

Specific Gravity. This is the ratio of the density of a volatile oil to the 
density of water determined under the same conditions. The maximum and 
average specific gravities for temperate oils are higher than for tropical oils, 
but the minimum is lower for temperate. There is a general relationship be- 
tween the chemical composition of an oil and its specific gravity. A specific 
gravity of less than 0.90 indicates the presence of a large amount of terpenes 
or of compounds of the fatty series. The oil of Pinus Sabiniana with difi = 
0.70, heracleum oil, with difi — 0.80 to 0.88, and oil of rue with difi = 0.833 
to 0.840, belong to those with a very low specific gravity. These consist 
mainly of derivatives of the fatty series. Oil of orange, with specific gravity 
0.848 to 0.857, consists largely of the terpene limonene; turpentine oil, with a 
specific gravity of 0.850 to 0.875, almost completely of hydrocarbons CioHie 
of the terpene series. A specific gravity higher than 0.90, as is the case with 
most oils, indicates a mixture of several classes of compounds; whereas a 
specific gravity of more than i.o indicates the presence of compounds of the 
aromatic series, or, if the compound contains sulfur or nitrogen, of vsulfides, 
nitriles, or isosulfocyanides. From the consideration of both chemical 
constitution and climate of habitat it may be inferred (table i) that terpenes 
and compounds of the fatty series predominate in tropical oils, while tem- 
perate oils contain more aromatic, sulfur, and nitrogen compounds. It has 
been noticed in the oil of anise (Pimpinella Anisum L.) that a low index of 
refraction carries with it a concomitant increase In specific gravity (Gilde- 
meister). This rule according to the present work seems to apply likewise to 
the average of all essential oils (table i). 
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Table i. General Chemical and Physical Properties of Volatile Oils in Relation to Climate 



Min. 

Max. 

Aver. 

Aver. 

True 




Min.* 

Max. 

Aver. 

Add Value 






Temperate 

0.0 

250 

12 

T 0 


Tropical 

0.0 

77 

'2 



Saponification Value 


0 

0 

4 

Temperate 

0.0 

228 

110 

66 

88 

Tropical 

Ester Value 

0.0 

192 

37 

27 

32 

Temperate 

Tropical 

Refractive Index 

0.0 

0.0 

288 

179 

33 

17 

63 

40 

48 

28 

Temperate 

Tropical 

Optical Rotation 

1.3905 

1.4123 

1.5582 

1.606 

1 ,4842 
1.4897 

i 1.4916 

1.4968 

1.4879 

1.4932 

Temperate 

0.0 

+365 to -105 

+20 

4-30 


Tropical 

0.0 

4-126 to —280 

“17 

+ 13 

“27 

4-25 

3 

“4 

Specific gravity at 15° C. 



-14 

“33 


Temperate 

Tropical 

Boiling Point 

0.6863 

0.823 

I.I88 

I.I55 

0.9091 

0.9125 

0.9355 

0.9251 

0.9232 

0.9188 

Tenaperate 

Tropical 

96 

130 

310 

300 

171 

194 

219 

225 

195 

209 


, -o- — - — — — a-vv-Lo-gLug mi LUC iuwcsL vaiucs giveii. Average 

maximum is obtained by averaging all the highest values given of a series. True average 
is obtained by dividing the sum of the average minimum and average maximum by 2. 

Boiling Point. The values for the boiling point of volatile oils indicate 
higher boiling temperatures for those oils of tropical origin than for those of 
temperate origin. Most of these values, however, are quite close. 

Alcohols 

Alcohols of both the aliphatic and aromatic series are found in volatile 
oils. 

Aliphatic Alcohols. Of the primary alcohols of the saturated or methane 
series but few representatives have thus far been found in volatile oils. In 
the free state they are found but rarely and then only the lower homologues 
occur; they are combined more commonly, however, with fatty acids. The 
occurrence of both free alcohols and free acid may in most instances be at- 
tributed to the saponification or hydrolysis of esters during the process of 
distillation. If the material to be distilled contains carbohydrates, it may 
happen that the presence of free alcohols is due to fermentation previous to 
the distillation. Thus, c.g., ethyl alcohol has been observed in the distillate 
of lose petals that had remained heaped for a short time only. 

Of unsaturated aliphatic alcohols the hexylene alcohol CeHiaO which oc- 
curs in the tea leaf oil, and the alcohol CgHuO, probably an octylene alcohol, 
which occures in Gaultheria oil, may be mentioned as representatives of the 
lower members of the series. Of much greater interest, however, are the 
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terpene alcohols CioHisO, linalool, geraniol, and nerol, and also the un- 
saturated chain alcohol C10H20O, citronellol. These occur as such and as 
esters in volatile oils in which they are important constituents because of their 
fragrance. 

The cyclic (aromatic) alcohols include benzyl alcohol, phenyl ethyl 
alcohol, phenyl propyl alcohol, and cinnamic alcohol. The alicyclic (hydro- 
aromatic) alcohols contain in their number dihydrocuminic alcohol, a-ter- 
pineol, terpinenol, dihydrocarveol, menthol, sabinol, borneol, etc. The 
aliphatic aromatic series are also represented in volatile oils by the ses- 
quiterpene alcohols. The aliphatic sesquiterpene alcohols represented in- 
clude nerolidol and farnesol. More important than the aliphatic are the 
cyclic sesquiterpene alcohols. As a rule the amount in which they occur in 
the oils is smaller than that of the sesquiterpenes, although there are oils, like 
the East Indian sandalwood oil, that consist almost entirely of sesquiterpene 
alcohols. Chemically, a distinction is made between primary, secondary, 
and tertiary sesquiterpene alcohols. From another point of view they may 
be classified into dicyclic and tricyclic compounds. Among the dicyclic are 
santalols, amyrols, and betulol, and the tricyclic include cedrol, cubeb 
camphor, and patchouli alcohol. 

The alcohols with a predominantly temperate climatic distribution are 
n-hexyl, octyl, thymol, carveol, sabinol, dihydrocarveol, isoborneol, fenchyl, 
tenacetyl, bupleurol, dihydrocuminic, betulol, cedrenol, cedrol, daucol, and 
androl. The list of predominantly tropical alcohols includes : ethyl, isobutyl, 
amyl, isoamyl, n-heptyl, anisic, nonyl, carvacrol, eudesmol, myrtenol, 
olibanol, pinocarveol, borneol, geraniol, linalool, nerol, a-terpineol, uncineol, 
turpinenol, citronellol, eugenol, iso-eugenol, undecyl, matico camphor, 
tumerol, farnesol, caparrapiol, cubeb camphor, globulol, maali, and guajol. 
The alcohols widely distributed as to climate of habitat are: methyl, n-butyl, 
methyl ethyl propyl, benzyl, phenyl ethyl, ethyl amyl carbinol, cuminic, 
phenyl propyl, neomenthol, santalol, amyrol, atractylol, gilipol, ledum 
camphor, nerolidol, patchouly, and cholesterol. 

Physical and Chemical Properties, From table 2 it is evident that the 
maximum, minimum, and average molecular weights, melting points, and 
boiling points of the tropical alcohols are lower than the corresponding values 
of the temperate alcohols. As widely distributed climatic habitats include 
both tropical and temperate zones it might be expected that the substances 
formed by plants living in these localities might have average properties 
intermediate between those of the tropical and temperate substances. The 
maximum and minimum values, however, might be either lower or higher 
than those of the substances produced in predominantly tropical or temperate 
habitats. 

From a chemical standpoint all classes — saturated and unsaturated 
aliphatic alcohols, terpene alcohols, aromatic and hydroaromatic alcohols, 
aliphatic, dicyclic, and tricyclic sesquiterpene alcohols — seem to be widely 
distributed. 
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Acids 

The list of predominantly tropical acids includes : formic, acetic, n-butyric, 
n-valeric, n-caproic, benzoic, anthranilic, n-caprylic, cinnamic, pelargonic, 
cumic, capric, palmitic, oleic, myrrholic, and p-methoxy-cinnamic. Those ; iS 

assigned to the temperate habitat group number three : angelic, hydroxymyr- i 1 1 

istic, and hydroxypentadecylic. The widely distributed acids are : propionic, 
isobutyric, isovaleric, methyl ethyl acetic, oenanthylic, isooenanthylic, 
salicylic, lauric, stearic, methacrylic, succinic, citronellic, teresantalic, i ,f, 

phenylacetic, and veratric. il 

Physical and Chemical Properties. In table 2 it is seen that the maximum - ■ 

molecular weights, and the maximum and average melting points and boiling i I 

points, are higher for tropical than for temperate acids. The other figures, !| 

namely the minimum and average molecular weights and the minimum melt- | 

ing points and boiling points, indicate higher values for temperate than for [ 

tropical acids. As the number of temperate acids found is very small they I 

may not give truly representative values for this group. | 

; ? 

Esters ^ ’f 

Esters occur in most volatile oils and are frequently of essential impor- i" 

tance so far as the fragrance of these oils is concerned. Because most of t 

them have pleasant odors they play an important rble in perfumery. As 
illustrations of oils rich in esters, the oils of bergamot, lavender, geranium, J 

Siberian pine needle, and Roman chamomile may be mentioned. It rarely 1 1 

happens that an oil consists almost exclusively of esters. Such is the case, *1 

however, with the distillates of GauUheria procumhens and Betula lenta^ ! 'I 

which consist to the extent of about 99% of methyl salicylate, and which are | ! 

commonly known as wintergreen oil. f 

The list of determined tropical esters furnishes: amyl acetate, methyl 
benzoate, amyl propionate, benzyl acetate, methyl salicylate, hexyl propion- 
ate, styrolyl acetate, phenyl propyl acetate, terpinyl formate, amyl butyrate, 
cinnamyl acetate, terpinyl acetate, ethyl p-methoxy cinnamate, amyl eudes- 
mate, linalyl isobutyrate, terpinyl valerate, and geranyl valerate. The 
esters of temperate distribution are: ethyl butyrate, hexyl acetate, octyl 
acetate, methyl methoxy salicylate, octyl n-butyrate, octyl -1-capronate, and 
octyl caprinate. Those of widely distributed climatic habitats number: 
ethyl valerate, methyl anthranilate, methyl cinnamate, hexyl butyrate, 
bornyl formate, methyl n-heptyl carbinol acetate, myrcenyl acetate, bornyl 
acetate, geranyl acetate, linalyl acetate, methyl acetate, citronellyl acetate, 
benzyl benzoate, methyl n-nonyl carbinol acetate, linalyl butyrate, bornyl 
butyrate, citronellyl butyrate, benzyl cinnamate, bornyl iso valerate, bornyl 
valerate, linalyl valerate, menthyl valerate, menthyl isovalerate, kessyl 
acetate, cinnamyl cinnamate, and linalyl capronate. 

Physical and Chemical Properties. The summary of data in table 2 shows 
the minimum molecular weights, melting points, and boiling points higher for 
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tropical than for temperate esters. The maximum and average melting 
points and boiling points of the tropical esters are likewise higher than those 
of the temperate zone. The average molecular weights and melting points 
are higher for temperate esters than for tropical. The maximum molecular 
weight is also in favor of the temperate esters. 

The data on esters lead to rather mixed results and consequently the 
relationships may not be reliable as criteria for the group. However, esters 
are influenced by the chemical and physical properties of the substances 
from which they are formed. As those combining alcohols and acids, as 
shown previously in this paper, have melting points, molecular weights, etc., 
which vary in accordance with the climates in which they are formed, esters, 
therefore, may be expected to vary similarly. 

Hydrocarbons 

Aliphatic Hydrocarbons. The lowest member of the primary (methane 
or paraflin) series of hydrocarbons CnH2n-i-2 which has been found in volatile 
oils is the n-heptane C7H16, with a boiling point of 98° C. 

The higher members of the paraflin, and probably of the olefin (C„H2w or 
ethylene) series also appear to be quite widely distributed in the vegetable 
kingdom. They constitute the wax-like coating and secretion on leaves, flow- 
ers, and fruits. In volatile oils, however, they are not commonly met with 
because of their very low volatility. Sometimes they separate in crystalline 
form when the oil is exposed to a low temperature or they remain behind 
upon fractional distillation. Apparently these hydrocarbons seldom occur 
alone, but in mixtures of homologues as has been shown in the case of rose 
oil. Their melting points seldom if ever agree with those of known members 
of the series. As their climatic and taxonomic distribution has already 
been studied (McNair 1931) it will not be further discussed here. 

Paraflin or olefin hydrocarbons have been found more particularly in the 
oils distilled from flowers. Of olefinic hydrocarbons, only the octylene, 
CgHie, melting point 123° C., has been found thus far, viz., in the oils of 
bergamot and lemon, but possibly it also occurs in lignaloe oil. Isoprene, 
CsHs, interesting because of its relation to the terpenes, has been observed 
only as a decomposition product of caoutchouc and turpentine oil. 

However, chain hydrocarbons of the formula of saturation CnH2n~4 with 
three double bonds have been found. In composition they agree with the 
terpenes but differ in having a lower specific gravity and a lower index of 
refraction. These hydrocarbons have been termed ‘'olefinic terpenes’’ by 
Semmler. 

Aromatic hydrocarbons include sequoine, naphthalene, styrene, and 
cymene. 

Alicyclic Hydrocarbons. The principal hydrocarbons occurring in volatile 
oils are alicyclic. The composition of by far the greater number is repre- 
sented by the formula CiqHig; hence they belong to that class of the terpenes 
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in which the carbon atoms are arranged in a cycle. This group includes 
santene, pinene, limonine, dipentene, etc. 

Sesquiterpenes. In addition to the terpenes CioHie, the higher boiling 
fractions of many volatile oils, viz., those between 250° and 280° C. contain 
hydrocarbons corresponding to the formula C15H24 which have been named 
sesquiterpenes. A considerable number of these have been isolated, al- 
though but few have been investigated. 

A few oils consist almost exclusively of sesquiterpenes. In most in- 
stances, however, they play but a secondary rdle. Their occurrence is so 
general that they must be regarded as belonging to the most common constit- 
uents of the volatile oils. Based on their molecular refraction and relative 
density, they are classified as aliphatic, monocyclic, dicyclic, and tricyclic 
sesquiterpenes. As with the terpenes, these groups are characterized by 
regularity with reference to boiling point and more particularly as to density- 

Hydrocarbons predominantly tropical in origin are: myrcene, naphtha- 
lene, Qf-pinene, fenchene, limonene, dipentene, phellandrene, bisabolene, 
zingiberene, cadinene, caryophyllene, caparrapene, guajene, heerabalene, 
and heveene. Hydrocarbons which are found for the most part in temperate 
plant families are: sequoine, santene, selinene, and cedrene. Plant families 
of widely distributed climatic habitats include as their hydrocarbons 
ocimene, cymene, sabinene,: camphene, terpinolene, sylvestrene, terpinene, 
citronella, humulene, and santalene. 

Physical and Chemical Properties. The maximum and minimum molecu- 
lar weights and the minimum boiling points are greater for tropical than for 
temperate hydrocarbons (table 2). The average molecular weights, melting 
points, and boiling points are lower for tropical than for temperate hydro- 
carbons. The maximum and minimum melting points and maximum boil- 
ing points are likewise lower for tropical than for temperate hydrocarbons. 
However, the number of melting points and the number of temperate hydro- 
carbons (4) may be too small to give representative figures. From a chemical 
standpoint both the aliphatic and aromatic hydrocarbons seem to be widely 
distributed climatically; the alicyclic group are slightly more tropical. Of 
the sesquiterpenes, the aliphatic are widely distributed, the monocyclic are 
tropical, and the bicyclic more tropical than widely distributed. 

Discussion 

The hydrocarbons of volatile oils have approximately one-half the molec- 
ular weights and carbon and hydrogen content of the wax hydrocarbons 
(McNair 1931). The quantities for these values increase from tropical to 
temperate in wax hydrocarbons, while the corresponding figures for volatile 
oil hydrocarbons are mixed. This uncertainty of values for volatile oil hy- 
drocarbons is probably the result of too few data for all melting points and 
all temperate values. 

The comparatively large amount of data available for alcohols of both 
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waxes and volatile oils makes for more uniform agreement of results and 
more positive conclusions. In both instances it seems safe to conclude that 
the lower values apply to the alcohols of tropical sources rather than to 
those of the temperate zone. 

The acids of waxes likewise have much higher molecular weights than do 
those of the volatile oils. In both the tendency is apparent to higher values 
in temperate than in tropical acids. 

Saponins 

Definition 

Saponins include a large number of amorphous glucoside-like bodies of 
widespread occurrence in the vegetable kingdom and have in common certain 
chemical, physical, and especially physiological properties. Their aqueous 
solutions, when shaken, foam rapidly and readily. In this respect they re- 
semble soap. Many saponin substances have a sharp, harsh taste. In 
powdered form they excite violent sneezing and also irritate the eyes. They 
are capable of holding many finely divided substances in a state of emulsion. 
They dialyze incompletely and salts precipitate them from solution. The 

^ 



TROR TROR ^UBTROR sSUBTROR TEMR. V/JDELV 

^UBTROR TEMP. D/BTRIB. 

Text Fig. i. The climatic distribution of all saponin-containing plant families compared 

with all plant families. 

saponins all have the three chemical elements carbon, hydrogen, and oxy- 
gen. Most saponins are neutral and only a few are faintly acid. Neutral 
saponins and alkali salts of acid saponin substances dissolve in water and 
hot aqueous alcohol but are insoluble in absolute alcohol and ether. Sapon- 
ins occur in roots {Senega, Saponaria), tubers {Cyclamen), harks {Quillaja, 
Guaiacum), fruits {Sapindus, Saponaria), seeds {Aesculus, Agrostemma, 
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Thea), stems {Dulcamara), and leaves {Guaiacum). In fact almost any part 
of the plant may contain saponins. 


Climatic and Taxonomic Distribution of Saponins 

According to Kofier and Howes saponins are found in 70 plant families. 
These families are classified climatically by Engler and Gilg (1919) and 
Willis (1925). An analysis of their data shows that 30, or 40.3%, are mostly 
tropical; 7, or 10.0%, are mostly tropical-subtropical; none is mostly sub- 
tropical or subtropical-temperate; 12, or 17.1%, are temperate; and 21, or 
30.0%, are widely distributed in habitat. The climatic distribution of 
saponin families may be compared with the distribution of the total number 
of plant families (text fig. i). Making use again of the climatic distribution 
of these by Engler and Gilg, and Willis, it becomes apparent that of the 295 
families of gymnosperms and angiosperms 71, or 24.06%, have saponins. 
Of a total number of 153 tropical families 30, or 42.3%), have saponins: of 
15 tropical-subtropical families 7, or 9.9%, have saponins; of 8 subtropical 
families none has saponins; of 7 subtropical-temperate families none has 
saponins; of 50 temperate families 12, or 16.1%, have saponins; and of 57 
families of widely distributed habitats 21, or 29.6%, have saponins. It is 
evident that of the plant families producing saponins twice as many are 
found in the tropics as in the temperate zone. The ratio of tropical saponin 
families to the total tropical families (19.6%), however, is not much less 
than the ratio of temperate saponin families to the total temperate families 
(24.0%). 

The 30 tropical saponin families are: Aizoaceae, Apocynaceae, Araceae, 
Araliaceae, Asclepiadaceae, Bignoniaceae, Combretaceae, Cucurbitaceae, 
Dioscoreaceae, Guttiferae, Lecythidaceae, Loganiaceae, Loranthaceae, 
Menispermaceae, Moraceae, Myristicaceae, Myrsinaceae, Myrtaceae, Or- 
chidaceae, Palmae, Phytolaccaceae, Piperaceae, Pittosporaceae, Proteaceae, 
Rubiaceae, Sapindaceae, Sapotaceae, Urticaceae, Verbenaceae, and Zygo- 
phyllaceae. The 7 tropical-subtropical saponin families are: Gnetaceae, 
Amaryllidaceae, Theaceae, Amarantaceae, Elaeocarpaceae, Iridaceae, and 
Magnoliaceae. No saponin-producing family that is largely of subtropical 
or of subtropical-temperate distribution is known. The 12 saponin families 
that are mostly temperate in distribution are: Berberidaceae, Betulaceae, 
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Physical and Chemical Constants in Relation to Climatic Distribution 

Table 3 brings out certain facts in regard to a probable relationship be- 
tween climate of habitat and molecular weight, and also between the number 
of carbon, hydrogen, and oxygen atoms in saponins. 


Table 3. Variation in Molecular Weight and Chemical Composition of Saponins in Relation 

to Climate of Habitat 


Habitat 

Molecular Weight 

Carbon 

Hydrogen 

1 

Oxygen 

* 

Max. 

Min. 

Aver. 

Max. 

Min. 

I 

Aver. 

Max. 

Min, 

Aver. 

Max. 

Min. 

Aver. 

Tropical 

890 

374 

,‘=i 04 

42 

17 

24 

66 

26 

40 

20 

9 

II 

Tropical-subtropical . . 

1293 

404 

848 

60 

18 

39 

92 

28 

60 

30 

10 

20 

Temperate ! 

1168 

344 

572 

66 

17 

28 

104 

28 

44 : 

17 

7 

12 

Widely distributed. . . . 

1203 

376 

589 

55 

16 

28 

94 

24 

45 i 

28 

10 

13 


Number of atoms. 


Molecular Weight. As the molecular weights of only two substances are 
known that are produced by tropical-subtropical families they may not repre- 
sent an average analysis of the saponins of this group and will consequently 
not be given consideration here. 

The maximum and average molecular weights for the tropical saponins 
^ ' are lower than the temperate saponins but the minimum molecular weight 

of tropical saponins is slightly higher than the temperate. Those of widely 
distributed habitats should form a rough average between those of the 
tropical and the temperate habitats, as their distribution includes both tropi- 
cal and temperate climates. 

Carbon and Hydrogen Content. The tropical saponins have lower maxi- 
mum, minimum, and average numbers of carbon and hydrogen atoms per 
molecule than the saponins of temperate climates. The widely distributed 
saponins, as might be expected, occupy roughly an intermediate position in 
this respect. 

Oxygen Content. Tropical saponins have a greater number of oxygen 
atoms per molecule in their largest and smallest molecules than do those of 
temperate saponins. The average numbers of oxygen atoms per saponin 
molecule may be more truly representative of the entire group. These 
figures show the tropical as greater than the temperate. The widely dis- 
tributed saponins have larger numbers in all three (maximum, minimum, 
and average) results. 

Toxicity in Relation to Climate 

In table 4 are found the lethal doses of some saponins administered to 
mice (Kofier, page 204). These appear in this table associated with their 
respective saponins and climates of habitat. In this way an approximation 
of the toxicity of some of the saponins can be determined according to cli- 
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Table 4. The Relation of Climate of Formation to the Toxicity of Saponins to Mice 





Lethal Dose in Mg. 
per I gm. Mouse 



SHjJuliiil 01 Its Soiiicc 

Intravenous 

Oral 

Widely distributed . . . 

Scrophulariaceae 

Digitonin 

0.010 

0.09 

Temperate 

Primulaceae 

Primula 

0.015 

0.20 

Temperate 

Caryophyllaceae 

Gypsophila 

0.015 

2.00 

Tropical 

Sapindaceae 

Sapotoxin 

0.020 

1. 00 

Tropical 

Sapindaceae 

Saponin 

0.020 

6.00 

Widely distributed . . . 

Polygalaceae 

Senegrin 

0.045 

1. 00 

Tropical 

Sapindaceae 

Saponin pur. albiss 

0.060 

4.00 

Tropical 

Sapindaceae 

Saponin powd. 

0.100 

1.50 

Widely distributed . . . 

Hippocastanaceae 

Aesculus 

0.900 

3.00 


mate. From these figures the lowest lethal doses decrease from tropical to 
temperate. The doses of saponins of widely distributed habitats appear as 
the lowest, highest, and intermediate figures. This is a logical dispersal as 
widely distributed habitats include tropical, temperate, and intermediate 
climates. Corresponding results are obtained with lethal concentrations of 
saponins for trypanosomes (Kofler, after Wada, page 115). 

It may be concluded from this, therefore, that saponins of tropical origin 
are less toxic in proportion to weight than saponins of temperate origin. It 
is interesting to note that the toxicity of alkaloids shows a similar climatic 
variation (McNair, 1931). 

The climatic variation in toxicity is uncertain in the cases of fish poison- 
ing, haemolysis, and the isolated frog’s heart, according to the results 
tabulated by Kofler (1927, pp. 119, 146, and 169-170). 

Cyanogenetic Glucosides 
Definitions 

Glucosides are those vegetable products which on treatment with acids 
or alkalies yield a sugar, or some closely allied carbohydrate, and one or 
more other substances (frequently phenols or aromatic aldehydes) as de- 
composition products. Glucosides which yield hydrogen cyanide as one of 
their products of hydrolysis are known as cyanogenetic or cyanophoric 
glucosides. 

Hydrogen cyanide unites directly with aldehydes and ketones, forming 
additive products, termed cyanohydrins or hydroxycyanides. This very 
important reaction CO + HCN— > C OH, which is often used in syiithe- 

^CN 

sizing organic compounds, accounts for the union of hydrocyanic acid with 
aldoses or ketoses. Besides these sugars cyanogenetic glucosides frequently 
have as hydrolytic products the ketone, acetone, or the aldehyde, benzalde- 
hyde. For example, the glucoside linamarim (phaseolunatin) CioHnOfiN 
yields on hydrolysis, acetone cyanohydrin and dextrose, while the glucoside 
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amygdaiin C20H27O11N gives hydrocyanic acid, and benzaldehyde, and two 
molecules of dextrose. 

Climatic and Taxonomic Occurrence 
According to Greshoff, de Puymaly, Rosenthaler, and Treub, cyanogen- 
etic glucosides are found in 39 plant families of the gymnosperms and angio- 
sperms. These families are classified climatically by Engler and Gilg 
(1919), and Willis (1925). An analysis of their data (table 5 and text fig. 2) 

ofo 



Text Fig. 2. The climatic distribution of cyanogenetic glucosides. 

shows that 18, or 46.16%, are mostly tropical; 2, or 5.12%, are mostly tropi- 
cal-subtropical; none is mostly subtropical-temperate; 8, or 20.51%, are 
mostly temperate; and ii, or 28.21%, are widely distributed in habitat. 

The climatic distribution of cyanogenetic glucoside families may be com- 
pared with the climatic distribution of the total number of plant families. 
Making use again of the climatic distribution of these by Engler and Gilg, 
and Willis, it becomes apparent that of the 295 families of gymnosperms and 
angiosperms 39, or 13.22%, contain cyanogenetic glucosides. Of a total 
number of 153 tropical families 18, or 11.76%, have these glucosides; of 15 
tropical-subtropical families 2, or 13.33%, have them; of 8 subtropical 
families none has them ; of 7 subtropical-temperate families none has them ; 
of 50 temperate families 8, or 16.0%, have them; and of 57 families of widely 
distributed habitats, ii, or 19.3%, have them. 

It is evident that of the plant families producing these particular com- 
pounds more than twice as many are found in the tropics as in the 
temperate zone. Those mostly tropical in distribution include 46.16% of 
all these particular families, while only 20.51% are found growing largely in 





Feb., 1932] 


MCNAIR — PROPERTIES OF PLANT SUBSTANCES 


183 


the temperate zone. The ratio of the included tropical families to the total 
tropical families (11.7%), however, is not quite as great as the ratio of the 
included temperate families to the total temperate families (16.0%). 

The 18 tropical cyanogenetic glucoside families are: Anacardiaceae, 
Araceae, Asclepiadaceae, Commelinaceae, Convolvulaceae, Flacourtiaceae, 
Lauraceae, Melastomaceae, Myoporaceae, Olacaceae, Passifloraceae, Pro- 
teaceae, Rubiaceae, Sapindaceae, Sapotaceae, Sterculiaceae, Tiliaceae, and 
Urticaceae. The two tropical-subtropical families in this group are the 
Canellaceae and the Magnoliaceae. No cyanogenetic glucoside-producing 
family that is largely of subtropical or of subtropical-temperate distribution 
is known. The eight families that are mostly temperate in distribution are: 
Berberidaceae, Caprifoliaceae, Cruciferae, Papaveraceae, Platanaceae, 
Ranunculaceae, Saxifragaceae, and Scheuchzeriaceae. The cyanogenetic 
glucoside families of widely distributed habitats, of which there are ii, are. 
Calycanthaceae, Celastraceae, Compositae, Cornaceae, Droseraceae, Eu- 
phorbiaceae, Gramineae, Leguminosae, Linaceae, Rosaceae, and Scrophul- 
ariaceae. 

Acetonecyanohydrins 

The families whose cyanogenetic glucosides are known to yield acetone 
are: (temperate) Berberidaceae and Ranunculaceae, (tropical) Passifloraceae, 
and (widely distributed) Linaceae. Those families which contain both 
acetone and benzaldehyde are: (tropical) Convolvulaceae, and (widely 
distributed) Euphorbiaceae and Leguminosae. From the above, acetone 
occurrence is dominant in the temperate zone and, as might be expected, is 
found with benzaldehyde in families which are of wide climatic distribution. 

Benzaldehyde cyanohydrins 

The families whose cyanogenetic glucosides are known to yield benzalde- 
hyde are: (temperate) Caprifoliaceae, Cruciferae, and Saxifragaceae; 
(tropical) Anacardiaceae, Asclepiadaceae, Flacourtiaceae, Rubiaceae, Sapo- 
taceae, and Tiliaceae; and (widely distributed) Compositae, Gramineae, 
Rosaceae, and Scrophulariaceae. The families that contain both benzalde- 
hyde and acetone have been listed above under the discussion of acetone 
cyanohydrins. According to the available statistics benzaldehyde is of 
more common occurrence than acetone in these glucosides and is more 
tropical than temperate in distribution. 

These nitrogenous glucosides contain a constituent of high molecular 
weight in the tropics, and another of low molecular weight in the temperate 
zone. That is, benzaldehyde of tropical distribution has a molecular weight 
of 106, a melting point of - 13° C., and a boiling point of 179° C. ; while acetone 
of temperate occurrence has a molecular weight of 58, a melting point of 
— 94° C., and a boiling point of 56° C. 
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Carbohydrates 

Data 

The various carbohydrates considered in this paper occur free and com- 
bined as glucosides in plants. Such glucoside combinations include saponins> 
tannins, plant pigments, and polysaccharides. Artificial carbohydrates are 
excluded. The climatic classification of plant families used is that of 
Engler and Gilg and Willis. 


Pentoses 

A rahinose. Arabinose is found in one tropical family, the Arahaceae, and 
in four families of wide distribution, the Leguminosae, Liliaceae, RovSaceae, 
and Gramineae. It has been found in a total of seven genera. The climatic 
occurrences of these genera are: Arahaceae, Polyscias (tropical), Iledera 
(temperate); Liliaceae, Aloe (subtropical); Leguminosae, Acacia (tropical- 
subtropical), Vida (temperate); Gramineae, Tridens (temperate); and 
Rosaceae, Prtmus (temperate). According to the habitats of both families 
and genera, arabinose should have a wide climatic distribution. 

Xylose. Xylose is found in the tropical family Bromeliaceae, the tem- 
perate family Primulaceae, and the widely distributed families Leguminosae 
and Gramineae. Its occurrence in genera is: Bromeliaceae, Puya (sub- 
tropical) ; Primulaceae, Primula (temperate) ; Leguminosae, Daviesia 
(tropical) ; and Gramineae, Avena (temperate) . From its generic and familial 
distribution it should have a broad climatic occurrence. The fact that it is 
also found in many woods likewise indicates this. 

Ribose. Ribose is known to occur in two families, both cosmopolitan, 
namely, the Leguminosae and the Gramineae. The two known genera are: 
Leguminosae, Lupinus (widely distributed), and Gramineae, Saccharum 
(tropical). These meager findings indicate for ribose a wide climatic 
distribution. 

Rhamnose. This methyl pentose has been discovered in two tropical 
families, the Arahaceae and the Anacardiaceae, and in four families of widely 
distributed habitat, namely, the Leguminosae, Fagaceae, Rhamnaceae, and 
Rutaceae. The seven genera known to contain it are: Arahaceae, Iledera 
(temperate); Anacardiaceae, Schinopsis (subtropical), Rhus (subtropical- 
temperate); Fagaceae, Quercus (temperate); Leguminosae, Robinia (tem- 
perate) ; Rutaceae, Barosma (subtropical) ; and Rhamnaceae, Rhamnus 
(widely distributed). The range of both genera and families indicates a 
wide climatic area for rhamnose production. 

Rhodeose. Rhodeose or methyl arabinose has been located in a tropical 
family, the Convolvulaceae, in the tropical genus Exogonmm. 


Hexoses 

Mannose. Mannose has been discovered in two tropical families, the 
Palmae and Orchidaceae; in one temperate family, the Pinaceae; and in one 
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widely distributed family, the Leguminosae. The known genera are: 

Palmae, Phytelephas (tropical), Phoenix (tropical); Orchidaceae, Orchis 
(temperate) ; Pinaceae, Picea (temperate) ; Leguminosae, Ceratonia (sub- 
tropical-temperate) . It is apparent from the distribution of both families 
and genera that the climatic region in which mannose is formed covers a wide 
range. 

Glucose. Glucose is found in all those families which contain either 
starch or saccharose, in both of which it is a component, as well as in families 
that have such glucosides as saponins, pigments, tannins, etc. Its presence 
has been detected in the following. Tropical: Moraceae, Anonaceae, 

Lauraceae, Meliaceae, Anacardiaceae, Sapindaceae, Tiliaceae, Bombacaceae, 

Guttiferae, Flacourtiaceae, Passifloraceae,Caricaceae, Myrtaceae, Sapotaceae, 

Ebenaceae, Cucurbitaceae, Araliaceae, Vitaceae, and Rubiaceae; tropical- 
subtropical: Punicaceae; temperate: Pinaceae, Ranunculaceae, Cruciferae, 
Saxifragaceae, Umbelliferae, Salicaceae, Caprifoliaceae, and Primulaceae; 
widely distributed: Fagaceae, Rosaceae, Leguminosae, Euphorbiaceae, 

Cornaceae, Ericaceae, Labiatae, Compositae, Gramineae, Oleaceae, Ruta- f 

ceae, Hippocastanaceae, Solanaceae, Liliaceae, Scrophulariaceae, Linaceae, 

Malvaceae, and Rhamnaceae. From the above it is shown that glucose has 
been found in 19 tropical, i tropical-subtropical, 8 temperate, and 18 widely 
distributed families. Of the 153 tropical families glucose occurs in 12%, and 
of the 50 temperate families it has been located in 16%. Glucose is there- 
fore widely distributed. 

Laevulose. Laevulose is a component of saccharose but not of starch. 
Consequently those plant families that contain saccharose will contain 
laevulose. The laevulose-containing families are as follows. Tropical: 

Moraceae, Anonaceae, Lauraceae, Meliaceae, Anacardiaceae, Sapindaceae, 
Bombacaceae, Guttiferae, Flacourtiaceae, Caricaceae, Myrtaceae, Sapota- 
ceae, Ebenaceae and Cucurbitaceae; tropical-subtropical: Punicaceae; 
temperate: Cruciferae, Saxifragaceae, and Umbelliferae; widely distributed: 

Rosaceae, Leguminosae, Euphorbiaceae, Cornaceae, Ericaceae, Labiatae, 

Compositae, Gramineae, Liliaceae, and Oleaceae. Laevulose has been 
found in 28 families, namely, 14 tropical, i tropical-subtropical, 3 temperate, 
and 10 widely distributed. Of the 153 tropical families it is in 9% and of 
the 50 temperate families it is in 6%. Laevulose, therefore, is widely dis- 
tributed. 

Galactose. Galactose is found in one tropical family, Bromeliaceae ; one 
temperate family, Caryophyllaceae; and five widely distributed families, 
Scrophulariaceae, Ericaceae, Rhamnaceae, Malvaceae, and Chenopodiaceae. 

The various genera represented are as follows: Bromeliaceae, Puya (sub- 
tropical) ; Caryophyllaceae, Gypsophila (temperate) ; Scrophulariaceae, 

Digitalis (temperate); Ericaceae, Vaccinium (temperate); Rhamnaceae, 

Rhamnus (widely distributed) ; Malvaceae, Gossypium (tropical-subtropical) ; 
and Chenopodiaceae, Beta (temperate). Based on family distribution, 
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galactose is widely distributed, but from the arrangement of genera it is 
dominantly temperate. 

Sorbose. Sorbose has so far been found in the temperate genus Pyrus of 
the widely distributed family Rosaceae. 

Heptoses 

Mannoketoheptose. Mannoketoheptose is found in the tropical genus 
Persea of the tropical family Lauraceae. 

Sedoheptose. Sedoheptose is found in the temperate genus Sedum of the 
widely distributed family Crassulaceae. 

Disaccharides 

Trehalose. Trehalose, a disaccharide formed from two glucose molecules, 
has been located in the genus Echinops in the family Compositae, both widely 
distributed. It has also been found in the tropical genus Selaginella of the 
tropical family Selaginellaceae. 

Vicianose. Vicianose, a glucose arabinoside, is found in the temperate 
genus Vida of the widely distributed Leguminosae. 

Primeverose. Primeverose made from glucose and xylose has been dis- 
covered in the temperate genus Primula of the temperate Primulaceae. 

Strophantobiose. Strophantobiose is a component of the glucoside 
strophantin. It may be decomposed into mannose, rhamnose, and methyl 
alcohol and has been found in the widely distributed genus Strophanthus 
of the tropical Apocynaceae. 

Saccharose. The disaccharide saccharose is made up of laevulose and 
glucose. It has been located in the following families. Tropical : Moraceae, 
Anonaceae, Lauraceae, Meliaceae, Anacardiaceae, Sapindaceae, Vitaceae, 
Bombacaceae, Guttiferae, Flacourtiaceae, Passifloraceae, Caricaceae, Myrta- 
ceae, Sapotaceae, Loganiaceae, Cucurbitaceae, Palmae, and Bromeliaceae; 
temperate: Ginkgoaceae, Ranunculaceae, Saxifragaceae, Umbelliferae, and 
Salicaceae ; widely distributed : Fagaceae, Chenopodiaceae, Rosaceae, 
Rhamnaceae, Cornaceae, Ericaceae, Labiatae, Compositae, Gramineae, 
Liliaceae, and Polygalaceae. Saccharose has been isolated from 34 families, 
of which 18 are tropical, 5 are temperate, and ii are widely distributed. 
Of the 153 tropical families it is in 11% and of the 50 temperate families it is 
in 10%. Saccharose consequently may be considered as of cosmopolitan 
climatic occurrence. 

Trisaccharides 

Secalose. Secalose (trifructosan), C18H30O15, is composed of three 
molecules of laevulose (fructose) and is found in the Gramineae, a family of 
wide distribution. Of the Gramineae secalose has been separated from 
Lolium and Secale, both temperate in location. 

Raffinose. Raffinose, or melitose, C13H32O16 . 5H2O, a condensate of 
galactose, glucose, and fructose, is known to occur in three families, two of 
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which are widely distributed, namely, the Chenopodiaceae and the Malva- 
ceae; the other family, a tropical one, is the Myrtaceae. The genera known 
to have raffinose are: Chenopodiaceae, Beta (temperate); Malvaceae, Gos- 
sypium (tropical-subtropical) ; and Myrtaceae, Eticalyptus (tropical). From 
a consideration of both families and genera raffinose is widely distributed. 

Melezitose. Melezitose or melicitose, C18H32O6, is a glucoside of glucose 
and fructose and so far has been found in two families, one temperate, the 
Pinaceae, and the other widely distributed, the Leguminosae. The genera 
in which the substance was discovered are : Pinaceae, Larix (temperate) and 

* Pseudotsuga (temperate); and Leguminosae, Alhagi (subtropical). A con- 
sideration of the families indicates a wide distribution, while from the genera 
a subtropical-temperate habitat is deduced. 

Gentianose. Gentianose is a trisaccharide formed from glucose, glucose 
and fructose contained in the roots of Gentianay a widely distributed genus of 
the Gentianaceae, a family of wide distribution. 

Rhamninose. The trisaccharide rhamninose, with formula C18H34O14, is 
made from galactose and rhamnose. It is obtained from the widely dis- 
tributed genus Rhamnus of the widely distributed Rhamnaceae. 

Tetrasaccharides 

Stachyose. The tetrasaccharide stachyose, of the formula C24H42O21, 
can be hydrolyzed into fructose, glucose, and galactose. It has been isolated 

* from four families of wide climatic distribution : the Labiatae, Orchidaceae, 
Oleaceae, and Leguminosae. The containing genera are: Labiatae, Stachys 
(widely distributed) ; Orchidaceae, Lamium (tropical) ; Oleaceae, Jasminum 
(tropical-subtropical) ; and Leguminosae, Phaseolus (tropical-subtropical) 
and Lupinus (widely distributed). Stachyose, judged from the habitats of 
its containing families and genera, is widely distributed. 

Polysaccharides 

Inulin. Inulin, C36H62O31 formed from the condensation of laevulose 
molecules has been discovered in only two families so far, both of which are 
widely distributed, namely, the Liliaceae and the Compositae. An in- 
vestigation of the known genera which contain inulin shows that the majority 
^ are of temperate habitat, e.g,, Arctiuniy Cynaray Taraxacum , Balsamorrhizay 

and Camassia. 

Discussion 

The progress in the isolation and identification of carbohydrates in plants 
is still in its infancy. According to the data at hand of the 295 families of 
gymnosperms and angiosperms, only 59, or 20.0%, have been analyzed for 
carbohydrates exclusive of starch. The climatic distribution of habitats as 
here determined from the meager chemical data available may later be found 
in error. However, it seems quite likely (table 6) that carbohydrates of 
temperate climates have a tendency to be of higher molecular weight and to 
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Table 6. Physical Properties and Climatic Distribution of Carbohydrates 


Arabinose . 

Ribose 

Xylose 

Rhamnose. 
Rhodeose . . 
Dextrose . . 
Laevulose . 
Mannose . . 
Galactose . . 


Sorbose . 


Sedoheptose . 
Vicianose 


Formula 

M. w. 

M. P. 

Heat of 
Combustion 
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per mol 

C5H10O3 
• C5H10O5 

. C5H10O5 
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. C6Hi206 
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150 

150 

164 

164 

180 

180 

180 

180 

160 

140 

92 

147 

94 

132 

168 

559 , 

561 

711-718 

673 

675 

670 

• CeHjoOe 

180 

154 

668 

e CtHhO? 
C7H14O7 

210 

210 



CiiH2oOio 

C12H22OJI 

312 

342 

210 

1 

1341 \ 

pop 

pop 

342 

474 

486 

160 d. 
137 

1349 V 

1 

C18H32016 

C18H32016 

504 

504 

119 

149 

2018-2025 V 
2042 s 

C1SH32016 

C24H42021 

G36H62031 

504 

666 

990 

210 

169 

r6od. 

V 

2709 

4130* T 

(C 6 Hio 05 )x 

(162. l)x 


4179* M 


Climatic Habitat 
Widely distributed 

ii it 

ti 

Tropical 

Widely distributed 

tt 

<< n 

Pemperate or widely 
distributed 
Pemperate or widely 
distributed 
fropical 

Pemperate or widely 
^ distributed 
rernperate or widely 
^ distributed 
'emperate 
Widely distributed 

or 

tropical 

i/'idely distributed 

^ ^ a 

emperate or widely 
distributed 
/idely distributed 
Libtropical or widely 
distributed 
ddely distributed 

li 

eiTiperate or widely 
distributed 


* Gram calories per gram. ' — 

have higher heats of combustion than those of families of tropical habitat 
Such a deduction would be in accordance with the findings for acids, alcohols 
esters, and hydrocarbons in essential oils and waxes (McNair ig^i) 

It has already been determined that some low molecular sugars, the pen- 
toses, because they are found mainly as the principal constituents ofXt 
gums and mucilages, are chiefly tropical in occurrence (McNair iLq) 
urns are highly hydrophilic and undoubtedly play a major r 61 e in the water 

f u ^ hydrophilic property, it should be noted, is not a prooertv 

irlnn^^f molecular hexose polysaccharides and therefore probabty not as 
StdlS polysaccharides 

Spoehr (1919) in his experiments with low water content and L.-o-n 

may well be, as suggested by Gortner (1929), that 
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the increase in pentosans was a response of the plant toward the elaboration 
of hydrophilic colloids to bind the water in the plant against the forces of 
transpiration and to build up an imbibition pressure to draw water from an 
already water-depleted soil. Spoehr found that high water content and a 
low temperature reversed the conditions. 

Some Special Properties of Starch in Relation to Climate 
No attempt will be made to list all the families that are known to make 
starch. Those families, however, whose starch has been analyzed by 
Reichert (1913) are as follows. Tropical: Sapindaceae, Araceae, Maran- 
taceae, Cannaceae, Convallariaceae, Zingiberaceae, Cycadaceae, Gesneria- 
ceae, Convolvulaceae, Musaceae, Taccaceae, and Cucurbitaceae ; tropical- 
subtropical: Amaryllidaceae and Iridaceae; subtropical none; subtropical- 
temperate: Nymphaeaceae; temperate: Ranunculaceae, Cruciferae, Primula- 
ceae, and Polygonaceae ; widely distributed: Gramineae, Liliaceae, Fagaceae, 
Euphorbiaceae, Solanaceae, and Leguminosae. 

Reichert was able to differentiate between 350 different starches from the 

0 VL L F H VH 

polarization vaiuo I 1 1 

O VL L F D VD 

iodine vah^ I I I 

0 VL L F D VD 

fentian violet J 

O VL L F D VD 

safranin value I.: 

50 SS 60 65 70 7S SO SS 90 

geiat/nization T~'~ I "I r~ """i 


chloral hydrJod. 


chromic acid value 


0 s JO 15 20 25 JO JS -4^0 ■^S SO 5S 60 


0 J Z J ± 3 - 6 7 8 9 JO 21 12 ^ 14- 
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pyrog’allio acid val tMM. 3 i 1 ir I i r 1 i 1 1 11 TTl 

os 20 IS ZO ZS 30 SS 4-0 4-5 SO SS 60 

ferric chloride vaL f I i I I I i I ~r Zl 

0 S 10 2S ZO as 30 SS 40 45 SO SS 60 

Purdy's value 1 1 T T 1 n 

Text Fig. 3. Some reactions of starches from temperate plant families (shaded 
portion). VL, very low or light; L, low or light; F, fair; If, high; VH, veiy high; D, dark; 
FD, very dark. Numbers refer to minutes of reaction time. 

above listed families by means of eleven processes of analysis, namely: (i) 
histological microscopic examination to determine the form and size of the 
grains, position and character of the hila, characteristics of the lamellae, 
orientation, etc.; (2) the degree of polarization; (3) the iodine reaction; (4) 
the gentian violet reaction ; (5) the safranin reaction ; (6) the temperature of 
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gelatinization ; (7) the chloral hydrate-iodine reaction; (8) the chromic acid 
reaction; (9) the pyrogallic acid reaction; (10) the ferric chlorid reaction; 
and (ii) the Purdy solution reaction. The results of these reactions classi- 
fied according to reaction intensity and climatic habitats of the producing 
families are shown in text figure 3. 

It is apparent from these results that starches from temperate families 
are likely to have (i) a polarization value from very low to high; (2) an 
iodine color value from fair to very dark; (3) a gentian violet value from zero 
to dark; (4) a safranin value from zero to dark; (5) a gelatinization tempera- 
ture from 50^^ to 90® C. ; (6) a chloral hydrate-iodine value from zero to 5 
minutes; (7) a chromic acid value from zero to one minute; (8) a pyrogallic 
acid value from zero to five minutes; (9) a ferric chlorid value from zero to 
ten minutes; (10) a Purdy’s value of from zero to fifteen minutes and from 
twenty-five to thirty minutes. The starch of Polygonum does not always 
conform with the above, namely in the iodine values, ferric chlorid value, 
and Purdy’s value. 

It is evident from the above observations that starches from temperate 
plant families may be expected to react readily with all chemical reagents 
listed except the dyes (gentian violet and safranin), to have a wide range of 
polarization values, and to have higher gelatinization temperatures, and be 
less “saturated” toward iodine than starch from tropical plant families. 
Starch from families of widely distributed habitats may have values extend- 
ing over the entire reaction ranges as these habitats include both temperate 
and tropical climates. Some starch from other climatic habitats may be 
found to give some of the reactions of temperate starch. 

It is remarkable that the high degree of absorption to iodine by temperate 
starch is analogous to the high degree of unsaturation of temperate fatty oils, 
and that the high temperature of gelatinization of temperate starch corre- 
sponds to the higher melting points of hydrocarbons, acids, alcohols, esters, 
and saponins of temperate climates (McNair 1929, 1930, 1931). 

Summary 

Volatile oils are found in 29% of the angiosperm and gymnosperm fami- 
lies, saponins in 24%, cyanogenetic glucosides in 13%, and carbohydrates in 
20% (exclusive of starch). All of these substances (except possibly carbo- 
hydrates) are more tropical than temperate in distribution. It seems quite 
likely that the acids, alcohols, esters, and hydrocarbons of volatile oils, and 
that saponins and carbohydrates all have higher molecular weights when of 
temperate origin than when of tropical origin. 

Volatile Oils 

Volatile oils have been obtained from 87 plant families, or 29% of all 
the higher plant families. Of these volatile oil-producing families 44% are 
tropical, 7% are tropical-subtropical, 2% are subtropical, 3% are subtrop- 
ical-temperate, 18% are temperate, and 25% are widely distributed. 


Feb., 1932] 


MCNAIR — PROPERTIES OF PLANT SUBSTANCES 


191 

The acid values, saponification values, ester values, refractive indices, 
optical rotations, specific gravities, and boiling points indicate a variation in 
value in accordance with the climatic habitat of the source plants. All of 
these values except the boiling points are lower for tropical oils. It is evi- 
dent, therefore, that the amounts of esters and their constituent alcohols and 
acids are greater for volatile oils of temperate climates than for tropical oils. 

According to the refractive indices, tropical oils have compounds either 
of lower molecular weight or of greater unsaturation. 

The optical rotation indicates the predominance of dextro compounds in 
^ temperate oils and laevo compounds in tropical. The intensity is about 

equal in both classes. 

Volatile oil alcohols, acids, hydrocarbons, and esters also have values 
which seem to vary with their producing climates. 

The molecular weights, melting points, and boiling points have ap- 
parently lower values for the tropically produced alcohols, acids, and esters 
than those of temperate families. The hydrocarbon climatic relationships 
are uncertain. 

The climatic-physical constant ratios of the volatile oil constituents is in 
accordance with the values of the wax constituents. 

The molecular weights of the wax hydrocarbons, alcohols, and acids are 
nearly double those of the volatile oil hydrocarbons, alcohols, and acids. 

Saponins 

Saponins are found in 71 plant families; of these 42% are mostly tropical 
and 16% are temperate. The ratio of tropical saponin families to the total 
tropical families (20%), is not much less than the ratio of temperate saponin 
families to the total temperate families (24%). 

The maximum and average molecular weights for the tropical saponins 
are lower than the temperate saponins but the minimum molecular weight 
of tropical saponins is slightly higher than the temperate. 

The numbers of carbon and hydrogen atoms in the saponin molecules 
increase from tropical to temperate. 

The maximum and minimum numbers of oxygen atoms increase and the 
average numbers slightly decrease from tropical to temperate. 

^ Saponins of tropical origin are less toxic to mice and trypanosomes than 

those of temperate origin. 

Saponins resemble alkaloids in diminution of toxicity from temperate to 
tropical. 

Cyanogenetic Glucosides 

Cyanogenetic glucosides are shown to occur in 39, or 13%, of the plant 
families of the gymnosperms and angiosperms. Of these 46% are tropical, 
5% tropical-subtropical, 20% temperate, and 28% widely distributed 
climatically. 


Hydrogen cyanide unites directly with aldehydes and ketones forming 1 
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additive products, termed cyanohydrins or hydroxycyanides This re-irt-in 

toon ' r 

Benzaldehyde has been found in the cyanogenetic glucosides of thirteen 
families which are more frequent in the tropics 

^ Both acetone and benzaldehyde are found separately in the glucosides of 
one tropical and two widely distributed families. g'ucosides ot 

Carbohydrates 

The progress in the isolation and identification of carbohydrates in plants 
still in Its infancy. According to the data at hand only 59, or 20% of the 
gymnosperms and angiosperms have been 'investigated 
There is an indication that the carbohydrates of low molecular weis-ht 

apito be fm d' T energy arrmore 

apt to be found in tropical families than in temperate ^ 
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INHERITANCE OF RESISTANCE TO LOOSE AND COVERED 
SMUT IN A HYBRID OF EARLY GOTHLAND 
AND VICTOR OATSi 


George M. Reed 


The Early Gothland variety of oats has shown a marked difference in it® 
behavior to the Missouri races of loose {Ustilago Avenae (Pers.) Tens.) and 
covered {U. Ims (K. & S.) Magn.) smuts. It has proved to be very suscept- 
^le to the former and has been almost entirely resistant to the latter 
I he Victor variety, on the other hand, has been very susceptible to both the 
loose and covered smuts; in fact it has consistently been one of the most 
susceptible varieties that I have grown in my various experiments, usually 
too percent of the inoculated plants being infected. 

In connection with the experiments with the hybrid recorded in this 
paper, these two varieties have been inoculated with each of the smuts and 
grown for direct comparison, the data being recorded in table i. During 
the years 1926-1931, 73 plants of Early Gothland and 49 plants of Victor 

been infected. In comparative experiments, 208 plants of Early Gothland 

P^TentThavrbi'^^ with the covered smut and only 2 (slightly less than i 
vtT these 2 smutted plants occurring in the field in 

of ’t8S °ther hand, showed high susceptibility, 187 plants out 

of 188 inoculated (99.4 percent) being smutted. Similar results obtained in 
many other types of experiments during the same years confirm these results 

S gZ,: cov.““ 

thp K ^ ^ ^ maturing oat with moderately large panicles 

the branches of which droop slightly at the outer ends. The spikLts m e 
usually two-grained, rarely three-grained. Awns are rather numerous on 

ghrmS olti v'"* developed nor twisted at the base. The 

WC 8-- mSTri^ '.T ’-^ther 

long 22 mm.), slender, and long pointed. 

steZ'Tn K f maturing oat. It grows quite tall with large rank 
stems and broad leaves. The panicles are large and wide-spreadiS’ l^th 
coarse branches drooping from the middle outward ^ 

The^^ generally having a twisted base, and frequently^enkulate' 

The spikelets are usuallv two-vrainf^rl geniculate. 

Mack, although the short ti,i are t Jy wtr' “T'' “ 

’’‘“"Lf; T ”7 “o Sortp:i:tS"'' 

ly. Bo.™ s™", i'S 
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Cross between Early Gothland and Victor 

In view of the difference in the behavior of these two varieties towards 
loose and covered smut, hybrids between them furnish very interesting 
material for the study of the inheritance of smut resistance. In 1924 a 
cross was made, Early Gothland being used as the female parent, and the 
Fi plant was grown in the greenhouse in 1925. In general, it resembled the 
Victor parent, the plant being tall, with coarse stems and broad leaves. The 
panicles were large and loose. Most of the spikelets contained awns, many 
of which had twisted bases and some were more or less geniculate. The 
^ grains were plump like the Victor parent; the glumes were not so dark as 

those of Victor, being more of a tan or reddish brown color. 

During the following years, second and third generation plants of this 
hybrid have been grown, having been inoculated with either the loose or the 
covered smut. Brief reports on some of the results obtained have been 
published (i, 2, 3, 4, 5). 

The general methods used in previous investigations have been followed. 
Inoculated seed was germinated in sand at a constant temperature of about 
20° C. Later, the seedlings were transplanted and grown to maturity in the 
greenhouse or in the field. 

Data Obtained with the F2 Generation 

Results with Ustilago Avenae 

I- 

The data for the second generation are recorded in table i. In 1926, 
52 F 2 plants inoculated with loose smut were planted in the greenhouse and 
in 1928, 15 additional plants of this generation inoculated with this smut 
were grown to maturity in the held ; thus a total of 67 inoculated F2 plants of 
the hybrid were grown, and ail proved to be completely susceptible to the 
loose smut, 100 percent infection having been obtained. 

Results with Ustilago levis 

The hrst set of second generation plants inoculated with the covered smut 
were also planted in the greenhouse in 1926, 44 plants being inoculated, of 
which 8 (18. 1 percent) were infected. In 1928, 50 additional F2 plants were 
grown in the held and 2 (4 percent) were infected. Finally, in 1929, 53 
^ inoculated F2 plants were grown in the held and 6 (11.3 percent) were in- 

fected. Thus, altogether 147 F2 plants were inoculated with the covered 
smut and 16 (10.8 percent) were smutted, as recorded in table i. 

These results with the second generation plants indicate that they are 
completely susceptible to the loose smut, corresponding in their behavior to 
the two parental varieties, Early Gothland and Victor. On the other hand, 
the results with the covered smut indicate clearly the dominance of resistance 
and a segregation in the second generation. The percentage of infected 
plants obtained in the three different experiments varied greatly, and the 
total number of infected plants secured was rather small. 
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Table i. Results with Inoculated F2 Plants of Hybrid 16, Early Gothland X Victor 


Inoculated with Ustilago Avenae 

Inoculated with Ustilago levis 

No. 

No. 

Percent 

No. 

No. 

Percent 

Plants 

Inf. 

Inf. 

Plants 

Inf. 

Inf. 

52 

52 

100.0 

44 

8 

18.I 

15 

15 

100.0 

50 

2 

4.0 



— 

53 

6 

II.3 

67 

67 

100.0 

147 

16 

10.8 

73 

73 

100.0 

208 

2 

•9 

49 

49 

100.0 

188 

187 

99.4 


* These F2 plants were grown to maturity in the greenhouse, the other two sets in the 


The number in parenthesis after the varietal name is the seed number of the varieties 
used in these studies. 


Data Obtained with the F3 Generation 

In addition to the second generation plants inoculated either with the 
loose or with the covered smut, several uninoculated plants of this generation 
were also grown. These plants, as well as the survivors among those inocu- 
ated with the covered smut, were available for producing third generation 
progenies. Out of a total of 147 F2 plants inoculated with the covered smut 
131 survived. There were, of course, no survivors among the F3 plants 
inoculated with the loose smut. 

Two groups of third generation progenies, then, were available for study. 
One of these groups descended from the uninoculated second generation 
plants and these are numbered between i and too ; the other group descended 
rom. F2 plants which had been inoculated with the covered smut, but had 
survived, and these are numbered beginning with loi. 

Results with Ustilago Avenae 

u complete susceptibility of the second generation of the 

hybrid to the loose smut, relatively few F3 progenies were inoculated with it 
the date being recorded in table 2. There were grown 25 third generation 
progenies which had descended from the uninoculated group of F. plants. 

hese included 398 individuals, of which 353 (88.6 percent) were infected, 
beyeral of the progenies gave 100 percent infection; the lowest percentage 
obtained was 57.1 percent. is 

There were 17 third generation progenies which had descended from F. 
plants inoculated with the covered smut. These contained 278 plants of 
which 258 (92.8 percent) were infected. In this group also several of the 
progenies gave too percent infection, and the lowest percentage obtained 
witn any progeny was 76.4 percent. 

These results indicate clearly a high susceptibility of the third generation 
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Table 2. Results with the ft Progenies of Hybrid 16, Early Gothland. 

with Ustilago avenae 


X Victor, Inoculated 


Percent 

Inf. 


No. 

Plants 


Percent 

Inf. 


Fs progenies descended from iininoculated F2 plants 


5 progenies, 398 plants, 353 infected, 88.6 percent 


Fa progenies descended from F2 plants inoculated \vi 


17 progenies, 278 plants, 258 infected, 92.8 per cent 

progenies to the loose smut. They are in close harmony wit 
in the second generation and also with the two oarents. 


Results with Ustilago levis 

In view of the fact that the F2 plants inoculated with the covered smut 
appeared to show a definite segregation of the inheritance of the resistant 
quality, a large number of F3 progenies inoculated with this smut have been 
grown. Different series have been carried out in each of the years 1927- 
1931, and the data are recorded in tables 3 and 4. The results are separated 
on the basis of the treatment of the second generation plant. Further, the 
progenies are classified as resistant, those which gave no infected individuals; 
®^^^^gating, those in which the percentage of infection was less than 50 
percent; and susceptible, those in which more than 50 percent of the indi- 
viduals were smutted. 


17 

F 5 

13 

12 

76.4 

80.0 

121 

123 

15 

16 

14 

16 

18 

1 8 

100.0 

124 

17 

16 

17 

14 

82.3 

125 

17 

16 

14 

13 

92.8 

127 

II 

10 

10 

16 

9 

15 

90.0 

93.7 

128 

129 

20 

19 

19 

18 

19 

18 

94-7 

130 

20 

20 

17 

17 

100.0 
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Table 3. Results with the F, Progenies of Hybrid 16, Early Gothland X Victor, Descended 
from Umnomlated ft Plants. All Progenies inoculated with Ustilago levis 


Hybrid 

No. 


No. 

Plants 

. No. 

Inf. 

Percent 

Inf. 

Hybrid j 

No. 

No. 

1 Plants 

No. 

Inf. 

Percent 

Inf. 


Resistant Fs families 


16-F3' 


16 

0 

0 

i 6-~F3-29* 

40 

0 

39 

0 

0 

30* 

39 

0 

36 

0 

0 

33 

36 

0 

39 

0 

0 

37 

37 

0 

39 

0 

0 

39 

39 

0 

38 

0 

0 

44 

20 

0 

38 

0 

0 

51 

19 

0 

38 

0 

0 

55 

17 

0 

37 

0 

0 

56 

20 

0 


Segregating Fs families 


Susceptible F3 families 


6 

35 

22 

62.8 

42 

10 

31 

29 

93-5 

43* 

12 

38 

38 

100.0 

50* 

19 

36 

35 

97.2 


38 

6 

15-7 

32 

36 

2 

35 

2 

57 

35 

20 

2 

34 

16 

47.0 

36 

19 

I 

38 

38 

36 

5 

14 

9 

13. 1 
36.8 
25.0 

40 

41 

45 

35 

19 

20 

3 

6 

20 

I 

5.0 

46 

39 

/ 

6 

36 

36 

! 3 

10 

8.3 

27.7 

47 

48 

19 

32 

3 

7 

39 

38 ■ 

1 

2 

2.5 

5.2 

49* 

52 

37 

18 

1 

2 

40 

3 

7.5 

53 

34 

3 

40 

9 

22.5 

54 

18 

2 

38 

10 

26.3 




5.5 

1 0.0 
5.2 

5 .5 
31.5 

35.0 

15.3 

15.7 

21.8 

2.7 

11. 1 

8.8 

11.1 


57.8 

57.8 

100.0 


dark*Jlired"'“‘"' glumesYhe others 

_ Results Obtamedmth Progenies Descended from Uninociilated Plants. 
1 he data obtained with these progenies are recorded in table 3 Altogether 
52 progenies were grown, most of them in the greenhouse in 1927. Further 
teste with additional individuals of some of them were made in 1928 and 

As shown in the table, 18 of these 52 progenies gave no infection, a total 
of 694 plants being inoculated. There were 27 progenies which gave less 
than 50 percent infection, the percentages ranging from 2.5 to 47''percent 
in a few of these progenies only one Infected plant occurred. The 7 re- 


Feb., 1932 


REED SMUT RESISTANCE 


Table 4. Results with the F-i Pro<fenip^ nf TT^,h^ssi -tA j ^ . 

from F, Plant, which Ha/tZ r ^ Gothland X Victor, Descended 

J>om I, J lants which Had Been Inocnlated with Ustilago levis. All Progenies 

l7ioculated with Ustilago levis 


No. 

No. 

Plants 

Inf. 


Resistant F;j families 

l6-F;r-I02, III*, I 12, IIC), 120 121 TO A Tor. , 

US 146 * T 4 .Q ui* T T cr r ' . 135 , 139 , 140 , 142 , 143 *, 

145, I4f> , 149 , i,-)4 , io,> 156 , 157. 160, 163, 165, 166, 169*, 170, 172* 170 T8d t^s 3 
I«9, 195 *, 201 , 202 , 203, 206*, 209*, 2II*, 214 . ' ' ^ 

. ^ progenies, 1396 plants, none infected 

Segregating F3 families 



64 progenies, 1834 plants, 351 plants infected, 19.1 percent 

dark*cn!ore<r''''^“' ' “ 

niuniins*- prosenies were classified as belonging in the susceptible group, the 
percentage of infection being greater than 50; 2 of these progenies gave 100 
pen'cnt snimted iilants, the other 5 ranging from 57.8 to 97,2 percent. 
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These results indicate clearly that three types of families are obtained — 
resistant, segregating, and susceptible. 

Results Obtained %vith F3 Progenies Descended from Plants Inoculated 
with Covered Smiit, Altogether, 107 progenies of this group have been grown 
during the years 192 7-1 931. The data are recorded in table 4. Of these 
43 gave entirely negative results, a total of 1396 plants being inoculated. 
The remaining 64 progenies gave percentages of infection varying from 2 to 
43.4 percent; these progenies contained 1834 plants, of which 351 (19. i per- 
cent) were infected. The experiments were repeated with some of the fami- 
lies in the successive years but, for the most part, they behaved in a similar 
fashion. In a few cases, however, a progeny which gave negative results one 
year showed a few susceptible plants in the following test. The results indi- 
cate clearly that two types of progenies are present — resistant and segregat- 
ing. No families which could be classified as susceptible were obtained, 
since in no case was the percentage of infection above 50 percent. 

It is interesting to consider these progenies in relation to the particular 
Fs plants from which they were grown. As already noted, 44 Fa plants 
inoculated with the covered smut were grown in 1926, and 8 of these (18.1 
percent) were infected. From these surviving plants, 31 third generation 
progenies were grown, 13 of which proved to be resistant and 18 segregating. 
In 1928, 50 second generation plants were grown, of which 2 (4 percent) were 
smutted. Third generation progenies were grown from 46 of these surviving 
second generation plants and 20 of them proved to be completely resistant 
and 26 showed segregation. Thus in both the second and third generation 
of this set of plants we find an unusual preponderance of resistance. Finally, 
53 second generation plants were grown in 1929 and 6 (11.3 percent) were 
infected; from these survivors, 30 third generation progenies were grown, to 
of which were resistant and 20 segregating. 

Data Obtained with the F4 Generation 

The investigations were continued with 80 fourth generation progenies 
selected from 10 resistant F3 families and inoculated with the covered smut 
(table 5). From each of the F3 families seed was taken from 5 to 9 different 
plants in order to grow the fourth generation. Of these fourth generation 
progenies, 15 were descended from 2 F2 plants which had also been inoculated 
with the covered smut. The remaining 65 progenies came from 8 uninocu- 
lated second generation plants, although the third generation had been in- 
oculated and was completely resistant. Thus, altogether, 10 different 
second generation plants were represented by descendants in the fourth 
generation. 

There were included in these 80 F4 progenies a total of 1538 individual 
plants inoculated with the covered smut. Not one of these plants was In- 
fected. Thus the resistance shown in the third generation is also evident in 
these fourth generation progenies. 
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Table 5. Results with Some Ft Progenies of Hybrid 16, Early Gothland X Victor Descended 
from F, Progenies Resistant to Ustilago levis. All Progenies Inoculated with 

Ustilago levis 


Number of 
F;5 Progeny 


Number of F4 
Progenies Grown 

Number of F4 

Plants Grown 

Number 

Infected 

9 

175 

0 

9 

161 

0 

7 

135 

0 

9 

177 

0 

9 

177 

0 

8 

152 

0 

5 

96 

0 

9 

177 

0 

7 

134 

0 

8 

154 

0 

0 

00 

1538 

0 


* ^ vT'-) oo> 0/ liuiii uiiinucuiatea r2 plants, 

r-i progenies in, 122 grown from F2 plants inoculated with Ustilago levis. 

Inheritance of Glume Color and Its Relation to the Inheritance of 
Resistance to Covered Smut 

Perhaps the most obvious difiference between the two parental varieties, 
Early Gothland and Victor, is the color of the glumes of the grains. These 
are white or pale yellow in Early Gothland, and brownish black to black in 

Victor. Phe data on the glume color of the second generation plants are 
recorded in table 6. 


1 ABLE 6. Giume Color of the F2 Plants of Hybrid 16, Early Gothland X Victor 

Fa Plant No. 

Year 

Grown 

Total No. 
of Plants 

Dark 

PIulls 

Light 

Hulls 

Percent with 
Light Hulls 

F2”I~5^ Not Inoculated 

F2~i 01-136 Inoculated 

^2-137-185 “ 

1926 

1926 

T928 

56 

34 

43 

22 

13 

12 

23.2 

35.2 

Fs-i 86-226 “ 

IQ 2 Q 

49 

42 

7 

Q 

14.2 



40 

32 

0 

20.0 



179 

139 

40 

22.3 


The h 2 plants No. 1-56 and 101-136 were grown to maturity in the green- 
house and the others in the field. The glume color of the inoculated Fo 
plants which proved to be susceptible, of course, was not obtained, since” 
these plants failed to produce any seed. The uninoculated F2 plants con- 
sisted of 13 out of 56 with light hulls (23.2 percent). The Fa plants which 
had been inoculated, but survived, had 27 with light hulls out of a total of 
123 (21.9 percent). Thus there were no important differences in the per- 
centage of plants with light hulls in the two groups. 

^ As noted in the table, the inoculated Fs plants were grown at three 
different times. The plants numbered 101-136 contained a relatively high 
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proportion of light hulled plants, while the other two groups, especially those 
numbered 137-185, contained an excess of the dark hulled plants; the 
average, however, was practically the same as for the group of uninoculated 
individuals. 

The color of the hulls of the plants in relation to the behavior of the F3 
progenies was found to be as follows ; 


Third generation progenies were not grown from all of the F2 plants. 
Thus we find, descended from both dark and light hulled plants, the different 
types of progenies — resistant, segregating, or susceptible, and there are no 
marked departures from the expectations in the occurrence of the different 
groups. There are, therefore, no clear indications of any correlation what- 
ever between the inheritance of the color of the hull and resistance or 
susceptibility. 


Discussion and Summary 

. The results obtained with the hybrid between Early Gothland and 
Victor are interesting in the light of those secured with other types of oat 
crosses. When Black Mesdag is crossed with a susceptible variety such as 
Hull-less, resistance to both loose and covered smut is dominant, and segrega- 
tion occurs in a ratio more or less approximating three resistant to one sus- 
ceptible (3). Further, by far the greatest number of the third generation 
progenies showed a similar behavior to both loose and covered smut. Thus 
there was a marked parallelism in the inheritance of resistance to both smuts 
in the various progenies. 

I have recently published data on the inheritance of smut resistance in 
crosses between Early Gothland and Monarch (6). These two varieties 
differ in that Early Gothland is very susceptible to loose smut and resistant 
to covered, while Monarch is exactly the reverse. Data were obtained on 
the second, third, and fourth generations, different sets of plants being in- 
oculated with loose and covered smut. The most obvious fact in the results 
was the absence of similarity in the behavior of the various F^ progenies to 
the two smuts. The data indicated clearly that the factors for resistance to 
loose and covered smut are independently inherited in these hybrids. A 
third generation progeny resistant, segregating, or susceptible to the loose 
smut might belong to any one of these classes in its behavior to the covered 
smut. 


I 
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In the hybrid between Early Gothland and Victor, one parent is suscept- 
ible to both smuts, while the other is susceptible to loose smut and resistant 
to the covered. The results with both the second and third generation 
plants show practically complete susceptibility to the loose smut. All of the 
67 F2 plants inoculated became infected, and a very high percentage of infec- 
tion was also obtained with the third generation progenies grown. One 
group of 25 progenies descended from uninoculated Fa plants; these con- 
tained 398 individuals, of which 353 (88.6 percent) were infected. Another 
group of 17 third generation progenies which had descended from Fa plants 
inoculated with the covered smut was grown ; these contained 278 plants, of 
which 258 (92.8 percent) were infected. 

The question may be raised as to whether there is any significance in the 
failure of all of these third generation plants to become infected. In a 
considerable number of the families, all of the individuals were smutted, 
while in the others, one or more plants remained normal. It may be that 
these merely escaped infection, although the methods of inoculation were 
highly effective, as shown by the results secured with the parental varieties. 
It will be necessary to grow the descendants of these plants in order to deter- 
mine whether they are merely chance escapes or whether they possess some 
real inherited resistance to the loose smut. 

The results obtained with the covered smut show clearly that resistance 
is dominant and that segregation occurs in the second generation. The 
facts obtained for the third generation are more or less in harmony with those 
secured for the second. Further, resistant third generation progenies have 
also given rise to entirely resistant fourth generation families. 

There is, however, a marked preponderance of F2 plants resistant to the 
covered smut. Altogether, three different sets were inoculated and grown 
at different times. The highest percentage of infection obtained was 18. i 
percent, 8 plants out of 44 inoculated being infected. In the other two ex- 
periments, the number of smutted plants was much lower, and the combined 
results indicate only 16 infected individuals (10.8 percent) out of a total 
of 147. 

hurther, this preponderance of resistance also appeared in the third 
generation. If the third generation progenies are grown from uninoculated 
h 2 plants, we find a high proportion of resistant ones. There were grown 52 
progenies of this group, of which 18 were entirely resistant, 27 segregating, 
and only 7 susceptible. In the other group of F3 progenies descended from 
inoculated F2 plants, we again find a high proportion of resistant families as 
compared with the segregating. A total of 107 of these progenies was grown, 
43 being resistant and 64 segregating. No susceptible progenies were found 
in this group, a result which would be expected unless a susceptible F2 
parental plant escaped infection. 

Brookly-n Botanic Garden, 

Brooklyn, New York 
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THE MORPHOLOGY AND DEVELOPMENT OF 
ENTOMOPHTHORA FUMOSA 

Olive L. Rees 

(Received for publication September 8, 1931) 

Introduction 

Our knowledge of the morphology of the Entomophthoreae dates from 
the description by Cohn in 1855 of the vegetative structure within the host 
and the asexual reproduction of Empusa Muscae. Brefeld (1870-77) 
carried the investigations upon Empusa Muscae a little farther, describing 
the germination of the conidia and the growth of the fungus within the 
host by means of short, thick cells. He also made an extensive series of 
observations on E. sphaerosperma tracing the development of the organism 
from infection, through the filamentous vegetative growth, to the production 
of conidia and to the formation of thick walled resting spores, the develop- 
ment of which follows the septation and anastomosing of the mass of 
hyphae filling the host. 

Nowakowski (1877) described the vegetative growth and conidial 
development of E. curvispora and E, ovispora. He recorded the formation 
of the zygospores to be brought about by means of fertilization tubes 
similar to those found in Spirogyra. 

Thaxter (1888), in his monograph on the Entomophthoreae of the 
United States, gave the results of morphological studies based on a large 
number of new forms as well as old ones. He recorded the variations which 
he found to occur in the vegetative structure, in conidiophore development, 
and in the methods of the formation of resting spores, when present. 
Cavara (1899) was the first, however, to point out the differences between 
the multinucleate conidia of Empusa Muscae and the uninucleate conidia 
of E. Delpiniana, 

Olive (1906) found the vegetative structure of E. Culicis to consist of 
two types of hyphal bodies, each of which produces its characteristic 
conidiophore bearing a terminal 2-nucleate conidium. He found a different 
condition to exist in E, Sciarae both in the vegetative structure and in 
conidial development. 

[The Journal for February (19: 101-203) was issued February 25, 1932.] 
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Riddle (1906) found that, preceding the death of the host, segmentation 
of the vegetative hyphae of E, Grylli occurred and single conidiophores were 
developed from each hyphal segment. He recorded two methods of 
zygospore formation in J£. americana: either two hyphal bodies fuse and 
the young zygospore buds out at the point of fusion, or a lateral fusion of 
two hyphal bodies takes place and the zygospore buds out from one of the 
fusing cells. 

Speare (1921), using the material in toto, described the vegetative 
development of Entomophthora fumosa within the host, by means of 4- 
nucleate hyphal bodies. He gave an account of conidiophore formation 
from the hyphal bodies, and the appearance of the black, spherical, resting 
spores. He observed that no external growth appeared when resting spores 
were formed within the individual hosts. This condition, however, is not 
true of all members of the Entomophthoreae. 

Methods 

The material for the study of Entomophthora fumosa on Pseudococcus 
citri Risso, the citrus mealy-bug, was collected at the end of June, 1926, 
by Mr. W. A. Kuntz at the Citrus Experimental Station, Lake Alfred, and 
at Eagle Lake, Florida. All the infected mealy-bugs were fixed in formo- 
acetic-alcohol killing fluid by Mr. Kuntz. After remaining in this killing 
fluid about twenty-four hours, the material was dehydrated by running 
through grades of alcohol, cleared in xylol or chloroform, and embedded 
in parafifin. 

The sections were cut 5 to 7 microns thick and fastened to slides with 
albumen. These were stained with Flemming’s triple stain (safranin, 
gentian-violet, and orange G) or with Heidenhain’s iron haemotoxylin 
which was found to be the most satisfactory stain for the desired results. 
After staining, the slides were dehydrated, cleared with clove oil, and 
mounted in Canada balsam. 

Observations and Discussion 
Vegetative Stage 

My observations are concerned with the division of the hyphal bodies 
and the consequent vegetative development of the fungus within the host, 
the formation of the conidia, and the development of the zygospores of the 
single form, Entomophthora fumosa, a member of the family Entoraoph- 
thoreae, and parasitic on Ps'eudococcus citri Risso, the citrus mealy-bug. 
Speare (1922) regarded this species as being distinct from anything that 
had previously been described, because of the size and shape of the conidia 
and the resting spores, which he considered unlike those of any other 
known form. I shall continue to use the name Entomophthora fimiosa 
which was suggested by Speare. If, however, a species were to be deter- 
mined entirely on spore size, it would be questionable as to whether the 
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form I have worked with is not a different species from that described by 
Speare. I find the size of the conidia to be 6.7 to 7.3 microns by 134 to 
14.7 microns, and the zygospores 10 to 12 microns, in contrast with the 
size given by Speare which is 8 to 10 microns by 16 to 20 microns for the 
conidia and 15 microns for the zygospores. I also find that the entire 
contents of the hyphal body and conidiophore do not pass into the single 
conidium as Speare indicated. This condition will be described in detail 
later on in the paper. 

In some hosts which I have examined, the infection is found to be in a 
very early stage. Contrary to conditions in the vegetative form described 
by Brefeld for E. sphaerosperma^ by Sorokin for E, conglomerataj by Riddle 
for Emptisa Grylli, and by Olive for Empusa Aphidis and E. Sciarae^ no 
mycelium is found in the vegetative stage of Entomophthora fumosa. In 
the very early stages of infection (PL XVI, fig. 41) only a few short, thick, 
usually spherical fragments of the fungus, to which Thaxter (1888) gave 
the name “hyphal bodies,” are found scattered singly or in small groups 
near the periphery of the insect just beneath its chitin wall. In a slightly 
later stage, a few hyphal bodies are found in the body cavity scattered 
among the host tissues, as well as near the periphery. Possibly these had 
been carried in the blood stream, as Speare suggests, since they are often 
found singly, or if there are several present, they are distinctly separated 
and not in the form of a mycelium, or segments of a mycelium, which have 
become separated and rounded up to form hyphal bodies. Goldstein (1929) 
found the latter to be true for Massospora cicadina, which has branching 
hyphae present in the early vegetative stages. These hyphae later became 
septate and the two-nucleate mycelial fragments rounded up to form hyphal 
bodies, after the host tissues had become disorganized. 

As the fungus multiplies, hyphal bodies are found scattered throughout 
the body cavity surrounding the soft internal tissues of the diseased mealy- 
bug. Speare reported that as far as he was able to determine, the fungus 
lived primarily in the blood, absorbing nourishment from it and the other 
body fluids. After a time the hyphal bodies have multiplied rapidly and a 
breaking down of the muscles and other softer tissues takes place, leaving 
only the heavily chitinized structures surrounding a more or less compact 
mass of hyphal bodies. 

The hyphal bodies are more or less pressed together as they increase in 
number (fig. 42), but at no time is a true vegetative mycelium present. 

In accordance with Thaxter’s observations of many of the Entomophthoreae, 

the hyphal bodies present in the host at the time of its death differ somewhat 

in both size and shape, in that they are slightly larger and more regular, 

being spherical in most cases, than those present in the earlier stages of the ; 

fungus. This is probably due to the rapidity with which the hyphal bodies 

increase in number in the vegetative stage of the disease. Those cells 

which are rapidly undergoing division would naturally have a softer and \ 
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more delicate wall than those hyphal bodies which are present at the end 
of the vegetative period when no more cell division is to take place. Those 
extremely thm-walled cells found early in the life of the fungus, therefore 
assume irregular shapes if pushed together. 

The hyphal bodies are from 8 to lo microns in diameter, the largest 
being those which are ready to produce conidiophores. For the most part 
they are spherical (fig. 41), except when closely packed together or pressed 
against some of the insect tissue. In a few insects examined, the hyphal 
bodies are so closely packed together within the host wall that they appear 
angular and not spherical. The hyphal bodies which are to produce 
conidiophores (fig. 43), are more regularly spherical than when the infection 
IS in Its early stages. The cell wall is e.xtremely thin and in many instances 
when the hyphal bodies are rapidly increasing in number, it appears to be 
hardly more than a membrane. The slightly thicker and more definite 
wall forms at the end of the vegetative period when further division of the 
hyphal bodies is at an end. Speare noted that the wall was so thin and 
plastic that, when he pressed one of the hyphal bodies with the point of a 
needle, the cell became irregular or often dumb-bell shaped. 

The hyphal bodies are filled with finely granular cytoplasm which is 
very vacuolate, some of the vacuoles being rather large and others very 
small As is to be expected, the cytoplasm is somewhat denser at the 
periphery of the fungus cell and around the nuclei than it is elsewhere. 

The resting nucleus is small and usually contains a single large nucleole 
(which m my preparations stained a deep red when Flemming’s triple 
stain was used), although a few nuclei were observed to have two or three 
nudeoles. Aground the nucleole and occupying a relatively large part of 
the nucleus, blue-staming chromatin is found in the form of minute, closely 
packed granules, the whole being bounded by a definite nuclear membrane 
The nuclei are sphmcal in both the hyphal bodies and conidia, but often 
appeal to be slightly ovoid in the conidiophores. The number of nuclei 
present m each hyphal body is typically four. These are usually regularly 
spaced near the center of the hyphal body. Occasionally a very large 
hyphal body is found which contains more than the usual number of nuclei 
The nuclei present, however, are in powers of four and in one very large 
yphal body thirty-two nuclei were found. No explanation can be givSi 
which accounts for this increase in size of the cells and in the number of 
nuclei present, except that, following repeated nuclear division, the cells 

increased proportionately in size without cell division. 

'reproduce rapidly so as to fill the entire body cavity 
within the hoit ^ described the development of Empusa 

J a c ^ ^ budding and growth of 

Sap L hyphal bodies oi E.fumosa 

multiplied by a budding process. Olive (1906) was of the opinion that cell 

division Empusa, as in many of the lower plants, took place e^rely 
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independently of nuclear division and apparently remote from nuclear 
control, since no cell plate was ever formed at the close of nuclear division. 
I am of the opinion that in E. fumosa the division of the hyphal bodies 
follows immediately after the division of the nuclei. 

I find that the division of the four nuclei in the hyphal body is simul- 
taneous (PL XIV, figs. 1,2). As is to be expected, not all of the hyphal 
bodies present in the host undergo nuclear division at the same time, but 
only occasional cells are found in which this phenomenon is taking place. 
The material was fixed in formo-acetic-alcohol which is not always a favor- 
able cytological killing fluid. It was impossible to stain the material with 
Flemming’s triple stain to make a minute detailed study of the nuclei, 
except in so far as was necessary to bring out related features. The nuclear 
division in the hyphal bodies appears to be a normal mitosis. Riddle found 
the spindle of E. americana to be intranuclear. If the spindle of E. fumosa 
is intranuclear, the nucleus elongates greatly during the early stages of 
division, for the spindle is much larger than the resting nucleus and the 
four dividing nuclei, which are very conspicuous, occupy a large part of 
the hyphal body. 

In the earlier stages of nuclear division there appeared to be a large 
number of minute chromatin-like granules, scattered more or less regularly 
in the center of the cell and occupying somewhat the same positions as had 
the resting nuclei. Later stages, which might be considered as extending 
from the late anaphases into the telophase, occur more frequently. In the 
later stages (figs, i, 2) large conical masses of chromatic material, probably 
due to an aggregation of minute granules at the poles, are found at both 
ends of the spindle and occasionally two to four larger definite granules of 
chromatic material are found attached to the spindle in such a way as to 
resemble an equatorial plate. Later stages are found where these larger 
granules have divided and two are being drawn toward each conical mass 
of chromatic material at the ends of the spindle of the dividing nucleus. 

I observed no centrosomes in the nuclear division, such as figured for 
Empusa Sciarae. The uppermost portion of the conical masses at the ends 
of the spindle resembles in some respects the pole-plates” figured by 
Olive (1907) in the nuclear division in Basidioholus. These are present 
even in the earlier stages when the granules are numerous and scattered, 
before the development of the definite conical masses. As to what r 61 e 
the nucleole plays in the division of the nucleus, I am not able to state. 
When the granules have come very close to the polar masses the spindle 
seems to split into two half spindles which begin to move apart (PL XIV, 
fig* 3)* The cone-shaped mass of chromatin and the two definite granules, 
which accompany each, later become surrounded by a finely granular 
nucleoplasm. The daughter nuclei, which have not yet reached the final 
resting stage, begin to distribute themselves more or less regularly near the 
ends of the hyphal body (figs, q-fi), which has become somewhat ellipsoid 




and slightly larger during the process of nuclear division. Later four 
daughter nuclei, which have not completely returned to the resting stage 
in some instances, are found more or less regularly spaced at each end of 
the elongated hyphal body. 

At the time of the separation of the daughter nuclei, slight indentations 
from the periphery, near the center, of the slightly elongated hyphal body 
are observed (figs. 3, 4). The process starts at the periphery of the fungus 
cell due to the constriction of the plasma membrane. This phenomenon 
was recorded by Lutman (1911) as the beginning of cell division for Clos- 
terium. In this case, however, a cell wall was deposited inside the furrow 
as it progressed. 

The constriction is progressive from the surface of the hyphal body 
inward, the furrow deepening in a radial direction (figs. 4-10). As the 
constriction progresses the contraction of the protoplasm becomes rather 
conspicuous (figs. 8-10). The furrow opens somewhat and the two masses 
of protoplasm appear to round up (figs. 9--10). The furrow continues to 
grow radially inward, ultimately separating two daughter hyphal bodies, 
which are like the parent cell in every way except as to size. 

Preceding and accompanying this ingrowth of the plasma membrane, 
a thin layer of rather dense cytoplasm appears along the innermost parts of 
the furrows. Contrary to Harper (1899, p. 506), the ingrowth is not simply 
a deep, narrow furrow, which cuts across the cell with the cell wall of 
fungus cellulose forming later inside the furrows. In my preparations, the 
extremely thin, delicate walls are not easy to differentiate, and in some 
instances seem to be hardly more than a membrane. The wall of the 
hyphal body is so thin and plastic that by adhesion to the plasma membrane, 
it is pulled in with the membrane by whatever force it is that causes the 
cleavage of the cell. I am of the opinion, however, that, unlike the condition 
described by Dr. Harper and that found in certain other fungi, in E. jumosa 
a delicate wall is formed simultaneously with the cleavage furrow and not 
afterward. 

The cleavage-furrow starts in a definite region of the plasma membrane 
nearly equidistant from the ends of the slightly ellipsoidal hyphal body. 
Apparently the plasma membrane is stimulated to action by some phase of 
the nuclear division, since the beginning of the furrow is seen before nuclear 
division is complete. Probably by the time the constriction of the hyphal 
body is complete, the nuclei have returned to a resting condition, although 
in some instances the nuclei have a granular appearance (fig. 10). Some 
of the nuclei appear to be still in the late telophase; this may be due, how- 
ever, to fixation. When the daughter hyphal bodies have separated they 
are about one-half the size of a mature fungus cell. This method of the 
division of the hyphal bodies is repeated until all the insect tissues are 
broken down and absorbed by the fungus as a source of nourishment, and 
only the chitin walls of the host remain surrounding the mass of hyphal 
bodies. 
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Reproduction 

The formation of new hyphal bodies ceases with the death of the host. 

Either just preceding or after the death of the insect, the hyphal bodies give 
rise either to conidiophores, which bear conidia, or to zygospores. The 
type of spore produced depends upon factors which are not clearly under- 
stood. Contrary to the condition found in Empusa Muscae, the resting 
spores and conidia are never found either simultaneously or consecutively 
on the same individual host. Speare (1921) found this same condition to 
exist in Massospora cicadina Peck. Both spore forms arise from hyphal 
bodies which behave differently in each instance. 

At the beginning of the fructifying condition, all the hyphal bodies 
present in the host appear slightly larger than those found during the active 
vegetative growth and are, for the most part, isodiametric, unless they are 
so abundant and are so closely packed together that they become angular 
as a result of the pressure. The latter condition was found in only a few 
insects, however. When the hyphal bodies germinate to produce conidio- 
phores, a small dark-staining area is seen at the point on the periphery from 
which the hypha will develop (fig. 1 1) . At this time the wall of each hyphal 
body appears to be slightly thicker than that found in those cells of the 
vegetative stage which are continually undergoing division. The cytoplasm 
is of a more or less definite alveolar structure and finely granular. 

The hyphal bodies near the wall of the insect host appear to germinate 
more or less simultaneously. There follows a progressive germination of 
the hyphal bodies lying farther inside the host wall. As long as suitable 
conditions of temperature and moisture are present, the hyphal bodies 
remain active and give rise to conidiophores, which are able to force their 
way between the collapsed conidiophores formed by hyphal bodies lying 
near the periphery, to the exterior to form and discharge conidia (PL XVI, 
figs- 44. 45)- 

A small protuberance with a densely staining tip is pushed out from the 
periphery of each hyphal body (PI. XIV, figs. 11-16) and is oriented toward 
the wall of the insect. The hypha continues to elongate and pushes through 
the body wall of the insect. The diameter of the hypha varies slightly, 
depending upon the available space it has in which to grow between the 
adjacent hyphal bodies, and upon the length of the tube formed. During 
this growth, the cytoplasm is vacuolate at the basal portion of the hypha 
and there seems to be a movement of the cytoplasm up into the rounded 
terminal portion of the hypha. 

One nucleus at a time moves into the developing hypha until all four 
nuclei have migrated from the hyphal body (figs. 16-20). In the meantime, 
the hyphal body has become decidedly vacuolate and, in some instances 
where the hyphae have grown quite long and are four-nucleate, the cyto- 
plasm, probably due to the contraction of the plasma membrane, appears 
to be forced into the young conidiophore (fig. 20). This would indicate 
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that all of the cell contents may pass into the hypha, leaving it attached at 
the base to an empty vesicle. This condition was found to occur in several 
instances, but the empty hyphal bodies are soon crushed as the hyphae 
from farther inside grow to the outside of the insect. The nuclei in the 
hypha, as was the case in the hyphal body, show a strikingly regular spacing- 
up to the beginning of the formation of the conidiospore (PL XV, figs. 22, 23 ; 
PL XVI, fig. 44), when there is a condensation of heavy granular cyto- 
plasm and a closer grouping of nuclei at the somewhat enlarged club-shaped 
tip of the conidiophore. More than four nuclei have been found in the 
conidiospores (PL XV, figs. 23, 26, 33), and nuclear division in the hyphae 
has been observed in a few instances (fig. i). 

As the conidiophores emerge from the insect wall, they become swollen 
and appear in cross-section somewhat larger in diameter than at the basal 
portion in the insect’s body. The conidiophores are simple and nonseptate 
until the spore is cut off. They push through the body wall of the aphid 
at any point, and are not limited to the weaker places in this wall, as is 
true of certain other Entomophthoreae. 

At the terminal portion of each conidiophore, the cytoplasm becomes 
denser and a small protuberance which has a diameter of about half that 
of the conidiophore is pushed out (figs. 24, 25). At the apex of this narrow 
sterigma a swelling is formed which, by continued enlargement, receives 
part of the cytoplasm of the conidiophore and typically four nuclei, which 
migrate into it, one at a time, from the enlarged terminal portion of the 
conidiophore (figs. 26-33). The swollen portion continues to increase in 
size, the cytoplasm becomes granular, and the four nuclei are grouped more 
or less regularly in the young conidium. 

The mature conidium is cut off from the conidiophore by the formation 
of a wall and is forcibly thrown off from the hypha, due to the swelling and 
bursting of a large vacuole in the terminal portion of the conidiophore. 
No gelatinous collar was observed attached to the mature spores. Speare 
reported that in the field, the conidia may be thrown to a distance of 
five millimeters. 

The mature conidia (fig. 34) are from 6.7 to 7.3 microns by 13.4 to 
14.7 microns in size. Speare recorded the size of the conidia for E. fumosa 
as 8 to TO microns by 16 to 20 microns. These spores are considerably 
larger than the largest mature conidia found in the material studied. The 
conidia are typically more or less fusiform, although occasionally elliptical, 
tapering rather abruptly toward both the sharply rounded apex and the 
base or papilla which is clearly visible. The mature spores show an even, 
finely granular cytoplasm and four nuclei, more or less regularly spaced, 
surrounded by a much thickened wall. 

Contrary to Riddle’s results in E. geometralis and Speare’s observations 
of E. fumosa, I find that in E. fumosa nuclear division does occur in the 
conidiophore during its development. Nuclear division was observed in 
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several developing hyphae, and In nearly all mature conidiophores as many as 
seven or eight nuclei were to be found. More may have been present but, due 
to the twisting and turning of the hyphae to reach the outside of the host, 
it was not often possible to trace a long hypha from its base to its tip. 

After four nuclei have entered the spore and the mature conidium has been 
cut off from the conidiophore, several nuclei and an abundance of cytoplasm 
are still left in the swollen tip of the hypha (fig. 33). Back of this swollen 
portion containing the remaining protoplasm a wall appears to have been 
formed, separating it from the more or less collapsed, shrunken, disinte- 
grating hyphal tube. Since the conidia just cut off have four nuclei and 
that portion of the protoplasm left in the swollen tip of the conidiophore J 

contains usually the same number of nuclei, it is possible that two sets of 
conidiospores may be formed In E. fumosa from the same hyphal strand 
instead of having the remaining protoplasm merely break down and dis- 
integrate. 

The mature conidia are probably capable of immediate germination if 
there is sufficient moisture present. Speare reported finding small elliptical 
secondary conidia arising from one to five slender, capillary-like conidio- 
phores from each primary conidium. I have found no secondary conidia 
in my material. This, however, may be a result of both the time of col- 
lecting and the method of fixation. Germinating conidia, each of which 
produces from the side of the spore a single germ tube, are frequently found f 

(fig. 35). The germ tubes are of variable length. One short germ tube, 
containing the four nuclei and the cytoplasm of the spore, was found which 
was just beginning to penetrate the chitinized wall of the host (fig. 36). 

In E. fumosa, as in other species, Empusa Muscae and E. macrospora, 
numerous detached spherical cells, hyphal bodies, are formed due to the 
penetration of the walls of the insect by the germ tube. The primary 
four-nucleate hyphal bodies of Entomophthora fumosa formed from the 
protoplasm of the germinating conidia divide and multiply rapidly, as has 
been described earlier in this paper, and repeat one part of the life history 
of the fungus. 

The insect hosts which contain thick-walled resting spores in various 
stages of formation occur infrequently, for of the many insects I have 
examined I found only a few individuals in which these spores are present. 

No doubt the formation of the resting spores is influenced to some extent 
by the season of the year in which the material is collected. The material 
I have was collected near the end of June. This may be one factor re- 
sponsible for the limited number of insects containing resting spores, which 
are usually considered to be the means by which a fungus lives through a 
period of time not favorable for active growth. In every instance the 
insect hosts containing resting spores are smaller in size than those which 
contain either hyphal bodies or conidiophores. Host tissue was found still 
to be present in varying amounts, even though some of the resting spores 
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appeared to be mature. This is contrary to the condition usually found 
when conidiophores are being produced. 

Only one method of zygospore formation in E. fumosa was observed. 
This is similar to the method of the formation of resting spores in E. Fresenii 
as it has been described by Thaxter. The four nuclei of two spherical hyphal 
bodies, lying side by side in the insect host, undergo one division so that 
each cell contains eight nuclei. All eight are to be seen only by careful 
focusing with the microscope. Accompanying this nuclear division there is 
no corresponding increase in the size of the hyphal bodies such as was found 
when the hyphal bodies were going to divide. The walls of the conjugating 
hyphal bodies break down at the point of contact. One nucleus from each 
hyphal body comes to lie very close to the point of fusion (hg. 37) where a 
slight swelling is soon noted. The swelling increases in size and into this 
bud (the young zygospore) pass a portion of the cytoplasm and a nucleus 
from each hyphal body (fig. 38). The nuclei are slightly elongated due to 
the smallness of the passage way into the developing zygote. With the 
continued enlargement of the young zygospore, which is spherical in shape, 
the two nuclei persist but seem to draw apart rather than to form a fusion 
nucleus (fig. 39). As the zygospore matures a cross wall is formed, cutting 
off the spore from the two partially empty hyphal bodies, and two thickened 
walls are laid down around the spore, the exospore being very dark and the 
endospore of a hyaline nature. The mature zygospores are spherical in 
shape and 10 to 12 microns in diameter, in comparison with the zygospores 
of E. fumosa, which Speare found to be 15 microns in diameter. 

As to what becomes of cytoplasm and nuclei which remain in the 
gametes after the formation of the young zygospore, I am not prepared to 
state. Indications in some of the material lead me to believe, however, 
that the nuclei remaining in the gametes disintegrate and finally disappear. 
When the zygospore is mature, portions of the hyphal body walls may be 
seen for a time attached to its base. These also disappear later and the 
thick- walled spore has only a slight hyaline protuberance or papilla showing 
the point of attachment of the hyphal bodies (fig. 40). 

Summary 

No mycelium is ever observed in the vegetative growth of this fungus 
but instead, four-nucleate hyphal bodies fill the body of the host. 

The four nuclei of the hyphal body undergo division simultaneously. 
Nuclear division is followed by the constriction of the fungus cell to form 
two daughter cells. The division of the hyphal bodies is by constriction 
and not by budding. 

The entire contents of the hyphal body pass into the conidiophore. 
Nuclear division takes place in the conidiophore as well as in the hyphal 
body, so that more than four nuclei are usually in the developing conidio- 
pliore. The conidia, always formed outside the body wall of the host, are 
four-nucleate. 
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Resting spores are produced within the host as a result of the fusion of 
two adjacent hyphal bodies. The resting spores are binucleate and very 

thick- walled. 

Grateful acknowledgments are due to Professor E. M. Gilbert for 
suggesting the problem and for valuable counsel and advice during the 
investigation, and to Mr. W. A. Kuntz for collecting and fixing the material 
used. 
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JSXRLARATION OF PLATES 


Figures l, 4, 5, 6. 9, 10, 37-40, were made with the aid of a Zeiss camera lucida together 
with Zeiss I : 40 aperture apochromatic objective, combined with the compensating ocular 

^bbe camera lucida 

together with a Leitz 1/16 oil immersion objective and compensating ocular 5. X •’ooo 


Figs, i, 2. Advanced stages of nuclear division in hyphal body, 
of hyphal bodfe^^'^*'” apart with increase in length 

begiJnTng to daughter nuclei in ends of hyphal bodies with cleavage furrows 

dividS!'' hyp’’"' body is nearly 

I h^yPh"' bodies each having four nuclei and showing the development in 

length of hyphal tube with accumulation of material at tip. ^ 

Fig. 16. Hyphal body containing three nuclei and showing thefpassage of one 

nucleus into theVung conidiophore. nc^passagc 01 one 

Fig. 17. Hyphal body having three nuclei and in young conidiophore one of twn 
daughter nuclei derived from nucleus as seen in Fig. 16 in stage of division. 

Fm' ll‘ of second nucleus from hyphal body into conidiophore. 

c,„JL LS hyp“ m"" ““ '»>'« 

Fig. 21. Division of nucleus in hyphal tube or conidiophore. 


“ "“™her of nuclei observed in tip of conidiophore 
Fig. 24. Formation of stengma at tip of conidiophore. ^ 

Fig 26 conidium as slight swelling at apex of sterigma. 

I^IG. 26. Developing young conidiospore at apex of voun^ stenp-rm j 

m tip of conidiophore prior to migration into developing sporf " 

Fms conidiospore showing passage of first nucleus. 

Figs' , ®’'® conidiospore showing migration of single nucleus into spore 

number, Hour. °ther nuclei into young conidiospore to give the typical 

in spom ejectio?'“°'' four-nucleate spore. Probably vacuole functions 

SI' S: sTor^tTaS"^ 

Fig. 36. Spore germination. Three nuclei in tuh^ ..ru- u - 
wall. which IS penetrating insect 
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Fig. 38. Zygospore formed due to fusion of contents of hyphal bodies, showing two 
nuclei in process of migration into maturing zygospores 

Fig. 39. Thickened walls almost separating the zygospore from hyphal body. Nuclei 

of hyphal bodies in various stages of degeneration. 

Fig. 40. Mature thick walled two-nucleate zygospore with remains of conjugation 
tube. ^ 

Plate XVI 

Fig. 41. Scattered hyphal bodies in early infection. 

Fig. 42. Three hyphal bodies in stages of division, a, see Fig. 5. &, see Fig. 9. 
Fig. 43. Hyphal bodies germinating to form hyphal tube as shown in Figs, ii— 19. 
Fig. 44. Conidiophores and conidiospores of different ages. 

Fig. 45. Conidiophores bearing spores arising from hyphal bodies. 

Fig. 46. a, eight-nucleate gametes fusing (not median section), h, matured thick- 
walled spore with two nuclei in center, c, scattered hyphal bodies. 



ORIGIN OF THE INTERCELLULAR SPACES IN PEDIASTRUM 

Illo Hein 

(Received for publication September 15, 1931) 

In my studies on the mycelium of fungi (1928, 1930a, 19306, 1930c) I 
have summarized the literature relating to the special problems concerning 
the form-controlling factors involved in their growth and have attempted 
to analyze the intercellular environmental relationships and other form 
regulating factors concerned in the modifications which occur during 
development of the inherently filamentous hyphae into such structures as 
ascocarps basidiocarps, and sclerotia. In the present study an attempt 
ill be made to analyze the form changes of globular spheres under controlled 
conditions of tension and pressure and the case of more or less isodiametric 
cells m tissue continuity with the object of determining the mechanical 
forces which come into play in such systems. The behavior of the rubber 
spheres m the experiments suggest a possible analogy with the processes 
involved m the formation of the familiar four-lobed outlines, the spines 

and intercellular spaces of species. 

Literature 

th Harper (1916, 1918a, 19186) has given evidence 

1? two shorter arms 

becomr^Se? suggests that it may have arisen and 

hnrT ^ f heredity m sixteen-celled ancestors similar to Pediastnm 
horyanum. In such forms the cells may have been, according to Harper 
surface tension globules whose spatial relationships became adjusted in the 
interplay of the principles of least surface and of bi-partition, assuming 

plane ^ThTfo as possible by adhesion in one 

plane. The form of the cells so spaced is then further modified by contact 

pressure and adhesion forces. The intercellular spaces found in tL s^S 

loted>h f specialized arise as the result of the four- 

csn f 1 their number and position are determined by the 

spatial interrelationships resulting from the incompatibility between the 
two principles mentioned. cLwcen me 

Observations anp Experiments 

_ As possibly bearing on the problems as to the form and position of cells 
n masses, the number and shapes of their contact faces, and X origin 
intercellular spaces I have made numerous e.xperiments'in 
w ich hollow-rubber and sponge-rubber balls, ping-pong balls, clay balls, 
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gelatine balls, and marbles were subjected to various conditions including 
the application of pressure from one, several, and all directions. I shall 
describe here the results of experiments with hollow rubber balls and dis- 
cuss the peculiar dimples and invaginations obtained when they are enclosed 
and expand in limited space. 

The hollow balls used were about 3I centimeters in diameter and 
expanded to nearly twice that diameter when immersed in xylol for a day 
or two. A balloon flask (5000 cc.) was filled with about forty such balls, 
no attempt being made to stack them in any particular fashion. Xylol 
was then added until all remaining space was filled by it. 

The balls expanded until all their contacts became flattened so that by 
the following day a mass of polyhedra was obtained. The outside balls 
were flattened against the walls of the flask and exhibited from four- to 
six-sided faces whose margins met in trihedral angles (PL XVII, fig. i; 
PI. XVIII, fig. 10). As was to be expected, not all space was completely 
taken up by the expanded rubber even after the balls had attained the 
maximum possible expansion under the existing conditions. There re- 
mained elongated angular spaces at the intersections of the surfaces, in 
continuity with octahedral spaces which were triangular in section and 
similar to those found in parenchyma tissue. The interspaces form a 
connecting system throughout the mass and are usually triangular in cross 
section. The form of the spaces is shown in a model (fig. 9) which represents 
a part of such a system of spaces. Any three balls in the mass will enclose 
a space which is in form an elongated triangular prism with concave sides 
and continuous at each end with octahedral spaces whose alternate faces 
are connected with three similar triangularly prismatic spaces. The 
octahedral spaces consist of four triangular concave faces alternating with 
the four triangular faces which would be formed if the elongated prismatic 
spaces were cut off at the points where the two types of faces meet. All 
interspaces in the massed balls in the early stages of expansion may therefore 
be divided in two groups in respect to form. They are ideally either 
triangular prisms or regular octahedra, both with concave sides. 

The massed balls when further expanded enclose other interspaces 
which are not connected with the spaces described but originate between 
adjacent faces. The faces of the outer balls against the flask become 
dimpled, or invaginate. The invaginations begin as very slight circular 
indentations in the center of the face and gradually become deeper and 
wider, often involving the whole surface (PL XVII, figs. 1,2). When the in- 
dentations approach their maximum size they tend to be influenced by the 
general outline of the face and become roughly oval, quadrilateral, or ir- 
regular in outline (fig. i). Some of the more deeply indented faces develop 
into an elongated trench-like space which in some cases results in the rubber 
breaking in a straight line at the base of the trench (fig. i). Not all the 
contact faces showed dimples and even in the later stages of expansion 
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the balls were very variable in respect to the depth of the indentations 
formed. Doubtless owing to a lack of uniformity in thickness, porosity, 
and general quality of the rubber the rate of penetration of the xylol affects 
the amount ultimately imbibed. 

In order to retain the form of the polyhedral rubber bodies obtained 
so that they could be separated and preserved for further study the xylol 
was replaced with paraffin in a manner similar to the conventional method 
of imbedding organic tissues. The flask was then broken and the balls 
with their altered forms in rigid condition were separated, numbered, the 
faces lettered, and records made of the position, form, number, and vshape 
of the contacts. 

While most of the faces of the interior balls were invaginated, a number 
of them were flat and some, convex. Several combinations in the form of 
the adjacent contact faces were noted. In some cases there were two 
adjacent concave faces (PL XVIII, fig. 5) ; in others a flat face was adjacent 
to a concave face (fig. 6) ; and in still others a concave face was adjacent to 
a convex face (fig. 7). Often the invaginations were very deep and their 
bases cracked as in the case of the exterior balls mentioned. Frequently 
cracks also appeared at the ridges formed between two faces (figs. 9, 10). 
The three balls shown in figure 8 were photographed in the positions in 
which they were found in the mass and the ball on the left has a concave 
face adjacent to a convex face on the upper ball and a concave face adjacent 
to a flat face of the ball on the right, while the two balls to the right of the 
figure have concave faces adjacent to each other. 

In tables I and 2 are given the number of contacts, the number of sides 
which each contact face had, and the form of the contact, whether concave, 
flat, or convex, for all the balls used in the experiment. 

The external balls had an average number of 8.1 1 contacts while the 
interior balls had an average of 13.50. The average for all the balls was 
9.04. It is obvious that an insufficiently large number of balls was used 
in the experiment to give statistical data as to the type of polyhedron 
which the balls tend to achieve and no conclusions are therefore attempted 
but since the interior balls had an average number of sides of more nearly 
14 than 12 it is possible that the tetrakaidecahedron may be typical. 
Further data along these lines will be reported later. 

The photographs (PL XVIII, figs. 5--10) show pairs of the balls in 
approximately the positions in which they were found in the mass but 
slightly separated from each other to show the forms of the adjacent contact 
faces. Figure 5 shows a pair of balls whose adjacent faces are invaginated 
in opposite directions. Few models of this kind were obtained. Obviously 
the inequalities in thickness and quality of the inert materials used would 
make the delicate balance of forces necessary to achieve such equal responses 
of very infrequent occurrence. Figure 6 shows another pair of which the 
one on the left has an incurved face which was adjacent to the flat face of 
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the ball on the right. In the two balls represented in figure 7 the face of 
the one on the right has evaginated, following into the space left by the 
adjacent invaginated face of the ball on the left. The mutually opposite 
piessure of the expanding balls, because of the irregularities in thickness 
and quality mentioned, are unequal and while undoubtedly the tendency 
of both adjacent faces was in the beginning to push outward when no 
resistance was offered, a strongly outwardly expanding face would tend to 
pi ess inward an adjacent less strongly expanding one and we should have 
the condition represented in figure 7. Figure 4 is a median plane through all 
the balls and shows them in the forms which they assumed. Many inter- 
lelations are here represented but none appears to be typical. 

For the analysis of the results of such an experiment we may best 
begin with the case of two hollow spheres, first in contact and then flattening 
against each other. We may next consider the case of a system of such 
hollow spheres lying in a single plane, and finally, the case of a system of 
such spheres which are stacked in various ways as are the balls in the 
globe described. 

The balls used in the experiment as noted were not uniform in quality 



Text Fig. i. Explanation in text. 

and thickness of the rubber of which they are composed. Such uniformity, 
however, will be assumed for purposes of analysis. The balls are also 
assumed to expand in diameter in this case through tangential enlargement 
of their walls and not through inflation. Each ball has an opening so that 
It becomes filled with the surrounding medium and, as noted, the interior 
balls may be assumed to be under somewhat similar conditions of pressure. 

Since at any point on the surface of the expanding spheres the forces 
of tangential expansion are, if we assume the uniformity postulated, equal 
in all directions, then flattening at any point on the sphere (text fig. la) 
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txiiist overcome such tangential forces at the point of pressure. The 
resultant of such a system of forces is in a radial line through the point of 
contact, A. Two spheres in contact with each other will meet in a point 
and if at that point the spheres are exerting mutually opposite, radial 
pressures the resultant will be a straight line, X Fin text figure m. Through 
tangential expansion of the walls the diameters of the balls are, as stated, 
increased and we may assume additional points of contact arranged in a 
circle about the original point of contact (text fig. ib). We then have 
contact planes which are in the beginning circular in outline. Later, as 
the circular contact areas enlarge through the further expansion of the balls 
in the mass they assume various patterns as they meet with similarly 
expanding faces of adjacent balls. When viewed in section any two 
spheres with flattened contact areas will have two points, B and B' (text 
fig. lb), at which the resultants of the forces of expansion meet with similar 
opposing forces B" and B'" of the adjacent ball. These points represent 
in section the margins of the circular contact areas. When the circular 
contact planes are established they form the base of a cone of radial forces 


Text Fig. 2. Explanation in text, 


in a system of equal spheres (X and F, text fig. 2) expand until the resultants 
of the forces of expansion are met at the margins by the opposing forces 
of similarly expanding spheres X' and F', at the meeting points the 
forces if the spheres are equal will be in equilibrium. These two opposite 
points of equilibrium at A and A' in figure 2, transmitted at L and L', 
and N and N' to the adjacent contact faces LN and L'N', limit the tangential 
expansion of these faces. 
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In order to simplify the analysis of the mechanical forces controlling 
the form changes of the adjacent faces of contact of the expanding spheres 
we may first consider the case of the forces in one plane projected through 
th^ centers of any pair of spheres (text fig. 2). Such a plane will show a 
system of pairs of straight lines of equal length, the lines OM, LM, 

UM'y PRj and P'R\ representing adjacent flattened faces in median section, 
which are connected at their ends with arcs MM, ML, M'V, NR, N'R', 
RK , and RN , which form the sides of triangles with concave sides. The 
triangles represent in sections the octahedral spaces described as occurring 
between stacked spheres. As the circles become wider the lines become 
longer and the arcs shorter. Since a long line offers less resistance to stress 
applied in its long axis than a shorter one, it follows that the longer one is 
the weaker and the longer it becomes the weaker it becomes. Furthermore, 
the system of arcs as described forms a triangular truss ML, M'U whose 
resistance to the lengthing line (broadening face) LN, L'N', from which 
the stress is applied, becomes greater because its sides, the arcs, become 
shorter as the straight lines become longer. The long, straight, weak lines 
are undoubtedly supported by the expansion force thus giving them rigidity 
up to a certain point in their period of extension. The arcs continue to 
become shorter and more resistant, reducing the interspaces between their 
convex sides until the balance between strains and stresses in both arcs 
and lines can no longer be maintained and either the space between the 
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Text Fig. 3. Explanation in text. 

arcs will become completely filled or the lines will bend as shown in text 
figure 3. Here the lines are bent away from each other. The figure 
represents a similar median section to the one shown in figure 2 but is at 
a stage when the balls have expanded somewhat further. The curved line 
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LN represents a section through an invaginated face of ball X, VN' of 
ball Y, and so on. In the material at hand the triangular spaces mentioned 
never become completely filled for the lines (representing the faces in 
section) bend some time before this is achieved. 

If there are mutually opposite resistances between two adjacent faces 
LN and L'N' in text figure 2, both will bend in opposite directions as in 
text figure 3, LN, VN'. Inequalities in thickness or composition of the 
faces may result in both bending in the same direction and we have the 
condition represented in figure 5, Plate XVI 11. The irregularities in the 
quality of the rubber may result in both faces remaining flattened up to a 
certain point and then one invaginates while the adjacent one remains 
plane as in figure 6, Plate XVIII. Various modifications of these combi- 
nations, too irregular and complex to be described, were obtained but with 
these we need not at the moment be concerned. 

Some of the form changes which took place in the balls of the experiment 
are in appearance suggestively like that of the cells in certain Pediastrum 
colonies and possibly a similar explanation of the origin of their intercellular 
spaces may by analogy be found in the mechanical forces just described for 
the balls. 

Harper has suggested that the inherited, four-lobed characteristic of 
Pediastrum cells is the result of intercellular adjustments in the colony 
involving contact, pressure, adhesion, and bipartition and that the forms 
so achieved have become fixed in heredity. Possibly the intercellular spaces 
in Pediastrum have originated as a result of mechanical forces analogous 
to those described for the balls and have similarly become fixed in heredity. 

In order to carry over the analogy from the balls in the experiment to a 
Pediastrum colony, we may assume that the cells enlarge tangentially in 
the outer cell layers under pressure resulting from growth with adhesion. 
There is reason to assume that this has occurred, since in deeply lobed 
forms, Pediastrum asperum and P. clathratum, the ratio of surface area to 
volume is obviously greater than in the less deeply lobed forms like P. 
boryanum, and if in evolution the former arose from forms similar to the 
latter some such change may have taken place. For the present study it 
will be assumed that tangential enlargement of the outer cell layers has 
occurred under pressure resulting from growth with adhesion. With this 
assumption we have a condition comparable to that of the balls in the 
experiment. 

If the mechanical forces which initiate the intercellular spaces in Pedi- 
astrum colonies are similar to those which initiate the spaces between the 
balls as described there should be in the cells a tendency to form spaces 
beginning at the centers of adjacent flattened faces. From the general 
appearance of the intercellular spaces between Pediastrum cells it appears 
that this may have occurred. If the sixteen-celled forms with intercellular 
spaces arose in evolution from those without them we may compare P. 
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boryanum (text fig. 4^) which has no intercellular spaces and P. clathratum 
(%. ^B) which has spaces between adjacent cell walls, to two groups of 
similarly arranged balls of which those of one group have expanded under 
pressure and produced interspaces as described. 

We may begin with an analysis of the intercellular spaces which occur 
in Pediastrum between adjacent tangential walls, which are comparable in 
the balls to such spaces as are represented in text figure 2. The origin of 
the spaces in each case may involve similar mechanical forces and we 
may apply the analysis given above for the balls to the cells of Pediastrum 
by comparing cells _i and 4 (text fig. 4A) with X and F (fig. 2) and cells 
3 and 5 (fig. ^A) with X' and Y' (fig. 2). Accordingly, the adjacent walls 
between cells i and 4 expand tangentially as postulated above against the 
barriers made by cells 3 and 5 and become subject to pressures applied 
at the margins and in the direction of the long axes of the walls. Because 


5 

Text Figs. 4 and 5. Explanation in text. 
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of the barriers (cells 3 and 5) the cell walls are incapable of further extension 
in tangential directions and the bending inward of the walls may then arise 
as a result of the mechanical forces similar to those described in connection 
with figures 3 and 4. 

The forces which I have suggested as connected with the initiation of 
the spaces may not have brought about any considerable indentation in 
the walls but possibly amounted to nothing more than a slight separation 
of them. The enlargement of this separation to form the intercellular 
spaces may then be the result of the extension of the lobes through functional 
hypertrophy. 

The initiation of the intercellular spaces between cells i and 5, and i 
and 3, which are in like positions with respect to adjacent cell walls, may be 
similarly explained and likewise the spaces between cells 2 and 8, 3 and 10, 

4 and 12, 5 and 14, and 6 and 16 of the second and third series of cells 
(text fig. ^B). 

The large triangular intercellular space between cell i and cells 2 and 6 
in text figure appears as if it may have resulted from the fusion of two 
or possibly three spaces. Possibly in this case there are initiated between 
the adjacent cell walls of cells 2 and 6, 2 and i, and i and 6 in text figure 5T 
(detail of fig. 4^) intercellular spaces, in the same manner and as a result 
of similar forces to those described above for cells i and 4, and so on. 
But here the inherently bi-lobed tendency established in the cells causing 
an extension of the two arms to be formed at a and h (cell i, fig. 5^) will 
tend to apply tension to the cell walls ax and xh, straighten out the angle 
at x and thus initiate another space at x, or enlarge the minute intercellular 
space which may already exist. This process may continue until all four 
spaces become confluent and form a large triangular space shown in text 
figure 5C at x. The transformation of this space to the typical rounded 
form found in Pedtastrum may then be a matter of surface or form tensions. 
The spaces formed at the trihedral angles made between cells 2, 7, and 6; 
5, 6, and 15, 4» 5> nnd 13; 3? 4? ii ; and 2, 3, and 9? may have originated 
in a like manner. 

Summary 

A balloon flask was filled with hollow toy rubber balls which expanded 
to nearly twice their diameter when immersed in xylol and resulted in the 
formation of characteristic indentations in the centers of the contact faces. 
The balls were imbedded in the expanded condition with parafifin, the flask 
was then broken, and the balls separated for study. 

The interior balls had an average number of 13.5 contacts while the 
exterior balls had an average of 8.1 1. The contact faces had from 3 to 6 
sides and were either flat, convex, or concave. In some cases the adjacent 
contact faces were both plane, in others a concave face was adjacent to a 
convex face, and in still others the adjacent faces were both concave. 
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An analysis of the mechanical factors involved in the formation of the 
indentations obtained is given first for a pair of balls and then for a system 
of balls lying in a single plane. 

In the cases in which the adjacent contact faces were both concave, 
lens shaped spaces were formed between them. The appearance of these 
spaces suggests a possible analogy with the intercellular spaces in certain 
Pediastrum colonies. An attempt is made to analyze the formation of the 
intercellular spaces in Pediastrum on the basis of the analogy with the spaces 
formed between the balls used in the experiment. 

The writer feels it a pleasure to record his indebtedness to Dr. R. A. 
Harper for his stimulating criticisms. 

Department of Botany, 

Columbia University, 

New York City 
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DESCRIPTION OF PLATES 
Plate XVII 

Fig. I. A side view of the flask containing the expanded rubber balls imbedded in 
paraffin. Most of the balls visible in this view show the typical invaginations obtained. 

Fig. 2. Opposite side of the flask. This photograph was taken before the balls had 
expanded completely. 

Fig. 3, The view is taken from the bottom and shows the characteristic configuration 
of the faces formed against the wall of the flask. The photograph was taken when the balls 
had expanded to the maximum but no invaginations occurred in this part of the flask. 

F ig. 4. A median plane through the mass. Invaginated, evaginated, and flat faces 
are shown. 

Plate XVIII 

Fig. 5. Two balls taken from the mass and placed in the positions in which they were 
found but separated slightly to show the adjacent invaginated faces. 

Fig. 6. A pair of balls of which the one on the left has an invaginated face which was 
adjacent to the flat face of the ball on the right. 
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Fig, 7. The ball on the left has an invaginated face which was adjacent to the evagin- 
ated face of the ball on the right. 

Fig. 8. ^ 1 hree balls taken from the mass and placed in the positions in which they 
occurred. Various combinations of the form of the adjacent faces are represented (see text). 

Figs. 9 and 10. The ridges formed at the interfacial angles between two invaginated 
faces. 

Fig. II. Model of a part of the system of interspaces formed between the balls, 
showing the characteristic triangular prismatic form of the spaces with concave sides. 
Rach of these spaces is continuous w'ith an octahedral space at each end. 
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THE EMBRYOGENY OF CHAMAECYPARIS OBTUSA 


J. T. Buchholz 


(Received for publication September 22, 1931) 


There is very little literature bearing on the reproductive morphology 
of Chamaecy Paris. Our present knowledge of this form is largely based on 
inference from the morphological investigations which have been reported 
for other Cupressineae: Thuja (8, 20), Biota (3, 9, 20), Libocednis (2, 9), 
Juniperus (7, 10, ii, 12, 19, 20), and Cupressus (21). As far as the em- 
bryogeny is concerned, there are at least two types known for Cupressineae. 
Strasburger (20) and more particularly Land (8) described an embryogeny 
for Thuja in which cleavage polyembryony does not occur. The writer (3) 
found cleavage polyembryony a very characteristic feature of Biota, a 
supposedly closely related form. On the other hand, a number of other 
species of Thuja have been dissected: T. plicata, T. Standishii, and several 
varieties of T. occidentalis, all of which agree with the observations of Land 
in regard to their simple polyembryony. 

It was found and pointed out elsewhere (3) that Biota orientalis, called 
Thuja orientalis in current manuals, is not a Thuja at all. Its embryogeny 
differs from this genus much more than it differs from Libocedrus or even 
Juniperus. When one considers and compares the other morphological 
features of these two genera, there is very little aside from the general 
characters of the sub-family which they have in common. The taxonomic 
resemblances suggesting generic identity are largely superficial. It is 
surprising to find that these genera have ever been merged, and there is no 
doubt of the validity of the genus Biota of Endlicher. It is evident that 
there are at least two types of embryogeny among Cupressineae and it 
becomes a matter of interest to discover which type is found in any particular 
genus of this sub-family. 

Many species of Chamaecyparis have very small cones and ovules, a 
feature which renders dissection of embryos difficult. Some years ago I 
had occasion to dissect some material of C. thujoides in which the embryos 
were slightly older than the stages desired. All that could be determined 
with certainty in these small ovules was the fact that cleavage polyembryony 
is found in this genus and that some of the embryos showed an apical cell. 
During the summer of 1927, a few cones of C. obtusa were obtained from 
the plantings on one of the estates near Cold Spring Harbor, N. Y. Here 
both the ovules and the embryos were larger and could be dissected and 
handled without much difficulty. The accompanying drawings were 
prepared from some of these dissections. 

In the Cupressineae, where the archegonia are grouped into an arche- 
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gonial complex, several eggs may be fertilized by the same pollen tube (19). 
Nearly all of the dissections showed that two or more neighboring eggs 
had been fertilized and the embryo complexes which were drawn were 
composed of two or more embryo systems. The general technique followed 
in the preparation of slides has been described elsewhere (3). 

Text figure i shows an embryo complex which had been pulled apart 
in dissection. The cap shown on the top, covering the upper portions of 
the two suspensor systems, is a small portion of the female gametophyte. 
The elongated cells projecting from this structure are prosuspensors (ps), 
nearly all of which have themselves become embryonic unless they have 
collapsed. The six greatly elongated cells are the primary suspensors (5) 
belonging to the embryos which are found below at their tips. The em- 
bryonic cells at the lower end are, for the most part, still one-celled, though 
two of them have become three-celled. There may have been a few units 
lost in dissection, and probably a few of the strands found among the 
prosuspensors above belong with the embryos below. 

Text figure 2 represents a slightly older stage in which a more intimate 
association is found between the prosuspensor strands above and the 
primary suspensors of the lower embryos. The difference in the stage of 
development between figures i and 2 is not great, and is reflected very 
largely in the longer primary suspensor of the lower group of embryos. 

Prosuspensor cells come from an upper layer of embryo initials and are 
the first cells of the proembryo to elongate. These thrust a group of lower 
embryo initials deeper into the pro thallium and there the latter divide, 
each cutting off an embryonic cell from a primary suspensor cell. The 
primary suspensor cells elongate greatly, imbedding the embryonic cells 
deeply in the gametophyte, and this elongation also crowds the prosuspensor 
cells back toward the micropylar end of the embryonic cavity which has 
been formed by digestion of the central portion of the female gametophyte. 
The prosuspensor strands are, therefore, slightly different in origin from 
the primary suspensors, and being embryo initials they may themselves 
proliferate to produce embryos if they do not expend all of their activity 
as elongating cells. However, these embryos always appear deformed when 
compared with the normal embryos below. Sometimes the prosuspensor 
cells collapse. They may, in fact, shrivel so completely that they are 
difficult to find. Figures i and 2 show some of the collapsed strands of 
prosuspensor cells and both figures have many of the misshapen embryos 
which result from the proliferation of these upper embryonic elements. 
Prosuspensor cells may become only multinucleate and enlarged, they may 
become filled with cellular tissue, or cut off cells near the tips. 

Text figures 3 and 4 show some later stages of the lower embryos borne 
on primary suspensors. The embryos have now become multicellular. 
In these stages, it appears likely that the embryo develops by apical cell 
growth, but the apical cell could not always be identified with certainty. 
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Text Figs, i 4. Fig. i. Embryo complex of Chamaecyparis obtusa, showing upper 
portion covered by a cap of gametophytic tissue with prosuspensors (ps), many of which 
have become embryonic and lower portion consisting of primary suspensors s belonging 
to the embryos below. X 50. Fig. 2. Embryo complex of Chmnaecyparis ohtusa, slightly 
older than figure i, with prosuspensors and primary suspensor still connected. Details 
lettered as in figure i. X 50* Figs. 3 and 4, Stages of individual embryos borne on pri- 
mary suspensors 5 at the time of beginning of embryonal tubes e which form the secondary 
suspensor. X 50. 
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Figure 4 is in a slightly later stage than figure 3 and is beginning to form a 
fringe of elongated embryonal tubes which project back on all sides envel- 
oping the primary suspensor. The individual embryos below in text figure 5 
show these embryonal tubes somewhat more developed and this embryo 
complex illustrates how the primary suspensor cells may sometimes become 
enlarged at their lower ends, also how the upper ends of many of the primary 
suspensors may collapse. The prosuspensor portion of this embryo complex 



Text t iGS. 5 AND 6. Fig. 5. Lower portion of embryo complex consisting of 7 multi- 
cellular embryos attached to the enlarged ends of primary suspensors. As the secondary 
suspensors are formed, the embryonal tubes e surround the ends of primary suspensors. 
X 50. Fig. 6. Embryo complex made up of two embryo systems. Large terminal em- 
bryo has well developed secondary suspensor and many small embryos still on the primary 
suspensor, with prosuspensors ps above. Some of the prosuspensors at the left have be- 
come embryonic, those at the right have collapsed. X 50. 

is not shown. The older embryos are now producing massive secondary 
suspensors of embryonal tubes. Some of the embryos of figure 5 still 
have apical cell growth, but the apical cell cannot always be recognized 
with certainty, and is not easily shown in drawings of the surface views. 
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They become more distinctly recognizable in the views of a deeper, more 
median plane of focus, if the preparations are not stained too deeply. 

Text figure 6 is an embryo complex in which one of the embryos has 
become very large in comparison with the others. It is now a well developed 
embryo from which a massive secondary suspensor is developing while 
successive layers of embryonal tubes elongate from the cells of the distal 
end of the embryo. This is the oldest stage which was observed, but 
represents a period of development in which the various parts of the embryo 
(stem tip, root tip, and cotyledons) are still undifferentiated. Many of the 
prosuspensor strands above have collapsed; a few which have developed 
into misshapen embryos are still recognizable. 


Text Fig. 7. Diagrammatic representation of successive steps A-F in the develop- 
ment of a single embryo system (single zygote). G represents a single primary embryo of 
slightly older stage; ps, prosuspensor cells; .x, primary suspensors; e, embryonal tubes forming 
secondary suspensor. 

Text figure 7 is a series of diagrammatic sketches representing the 
events in the development of a single zygote or embryo system of Chamae- 
cyparis. Stages A and B were not actually observed, but are supplied by 
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inference from a knowledge of Biota with which the other stages are in fair 
agreement. Parts of the stage shown in C could be identified in the dis- 
sected material. The other stages D-F are essentially the same as a single 
embryo system of the two or three zygotes found in figures i, 2, 5, and 6 
with the parts labeled, and G shows a single lower embryo unit after it has 
become multicellular, on the end of its primary suspensor (5). 

It should be borne in mind that figure 7 is intended as a diagrammatic 
interpretation of the embryogeny, and that these are not camera drawings. 

Discussion 

Aside from several minor details the early embryogeny of Chamaecyparis 
It IS general agreement with that of Biota (3), and it also resembles observed 
stages of Libocedrus (2) very closely. Cleavage polyembryony is found in 
all of these forms which probably represent the embryogeny typical of the 
Cupressineae. 

There are some differences between the individual embryo units of 
Chamaecyparis and Biota. Those of Biota (3) pass through a stage (see 
fig. iia of the work cited, in the same stage as our text fig. i) in which the 
einbryonic cells found on the ends of the primary suspensors have a relatively 
thick inner cell wall immediately around the protoplast, and this is sur- 
rounded m turn by a thin wall by which it is attached to the primary 
suspensor. The corresponding cell wall is not specially thickened in 
Chamaecypans, and there seems to be a tendency for an earlier division to 
take place in this terminal embryonic cell. Likewise, Chamaecyparis has 
prosuspensor cells which proliferate as embryo units in slightly earlier stages. 

There appears to be another difference between the embryos of Chamae- 
cyparis and Biota, for the latter was found to give rise to additional embryos 
by a process of budding (3). Several lobes or bud-fragments may appear 
m a multicellular embryo of Biota at the stage when the primary suspensor 
has become fully elongated and may have collapsed, but before embryonal 
tabes begin to elongate. This budding phenomenon was not observed in 
Chamaecypans obtusa, though it is possible that some form of budding may 
be lound to occur on rare occasions. 

The type of embryogeny found in Thuja, in which no cleavage poly- 
embryony occurs, IS different and is found, as far as known, only in the 
vaiious species of Thuja and their varieties. Judging from the facts known 
about the proembryos (8, 9), the organization of the cells in the early 
divisions IS very similar. It appears that in Thuja all of the embryo initials 
save the one found at the tip, refrain from forming embryos. This one 
proliferates rapidly while the other cells elongate in turn to form a suspensor 
made up of several cells from the very beginning. If two cells remain at 
the tip rather than a single cell, the embryo may appear two-lobed for a 
time, as Land (8) has pointed out, but one lobe may outgrow the other 
without separation so that usually only one embryo results from each 
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fertilized egg. The compound nature of the embryo in Cupressineae is 
shown by all members of the group which have cleavage polyembryony, 
and may be inferred for Thuja if this type has been derived from forms 
with cleavage polyembryony, much as the Picea and Pse2idotsuga type 
seems to have been derived from the Pinus type among Abietineae (i, 4). 

Two kinds of embryos may be found in the same embryo system of 
Chamaecyparis , a lower group of primary embryos which become deeply 
imbedded in the prothallium, and an upper group of embryos coming from 
the cells of the prosuspensor. The primary embryos come from the group 
of embryo initials terminal to the prosuspensor. 

The other kind of embryos present in the embryo system are those 
coming from the cells of the prosuspensor. These embryo initials begin 
their development by elongation, which may be followed by internal cell 
proliferation. Prosuspensor cells may be regarded as the morphological 
equivalents of the rosette cells of Abietineae. They are equivalent to 
rosettes with respect to their embryonic character as well as their position 
in the proembryo. 

In another place (6) the writer is describing the suspensor and early 
embryo of Cryptomeria, one of the Taxodineae. While the proembryos of 
Cupressineae and Taxodineae have been described as similar, and although 
there are some outward resemblances between the two types of embryo com- 
plex, a careful examination shows an important difference in the embryogeny 
of these two groups. It appears that the Taxodineae usually have no 
primary suspensor. They have prosuspensors which are morphologically 
equivalent to the structures so named in Chamaecyparis ^ on the ends of which 
the embryo initials develop into multicellular embryos without the inter- 
vention of the very long primary suspensor. A massive secondary suspensor 
of embryonal tubes is formed around the end of the prosuspensor rather than 
the primary suspensor. The embryonal tubes may begin to elongate a few 
at a time rather than the fringe of many embryonal tubes, shown in text 
figures 4 and 5. 

Sciadopitys (5) has cleavage polyembryony and a plan of embryogeny 
(aside from differences in the proembryo) which agrees more or less with 
that of Chamaecyparis. There may be a group of many rosette cells, a few 
scattered rosette cells, or no rosette cells at all. When no rosette cells are 
found, the embryogeny resembles that of Chamaecyparis most nearly, but 
since the prosuspensor cells elongate greatly and do not form embryos in 
Sciadopitys, there seems to be a difference in regard to this feature. The 
individual embryos of Sciadopitys have a well developed primary suspensor, 
but the terminal embryonic cell divides rapidly and without delay to form 
an embryo of several or a dozen cells before the primary suspensor has 
elongated greatly. Sciadopitys is a generalized type from which the 
embryogeny of both the Cupressineae and the Taxodineae may have been 
derived. 
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Saxton has made a series of investigations on the embryogeny of Tetra- 
cUnis (18), Widderingtonia (13, 15), Callitris (14), and Actinostrobus (16). 

The embryogeny of this group is distinctive and differs somewhat from 

that of Cupressineae. The archegonial complex is lateral in position and 

walls appear on the proembryo at an earlier stage. The zygotes all have 

cleavage polyembryony and show a condition which may have been derived 

from Cupressineae through some kind of reduction. The individual 

embryo units seem to have primary suspensors and Saxton also mentions 

for Callitris a period of inactivity in the embryonic cells at the tip of the 

suspensors which may correspond to this stage of relative inactivity of this 

cell in Biota. Possibly the prosuspensors are parts which are suppressed 

in Callitris and Actinostrobus. Saxton proposes the inclusion of three of 

these four genera in a separate group Callitroidae (17, 18), which seems to 

be fully justified, and is apparent on the basis of various features of the J 

morphology aside from the embryogeny. 

Saxton carried on his investigations by means of serial sections. It 
would be of considerable interest if someone should follow up his investi- 
gations by the use of dissection methods, since there are doubtless some 
features of the suspensor system which would be shown to better advantage. 

Within the immediate group of Cupressineae, the embryogenies of ; 

Chamaecy Paris, Libocedrus, and Biota are in substantial agreement. With 
respect to the minor differences which have been observed Libocedrus 
stands between Chamaecyparis and Biota, while all of these forms differ 
from Thuja. 

Summary 

1. The early embryogeny of Chamaecyparis obtusa is described, including 
stages which are important for an interpretation of the type of poly- 
embryony. 

2. Chamaecyparis has cleavage polyembryony which may result in two 
types of embryos: primary embryos, borne on primary suspensors, and 
secondary embryos which are formed from a proliferation of some of the 
prosuspensor cells. 

3. The secondary embryos are probably the morphological equivalent 
of the rosette embryos found in Abietineae and certain other conifers. 

4. The individual embryo units of Chamaecyparis become multicellular 
by apical cell growth. 

5. The primary suspensor of Chamaecyparis is not succeeded by single- 
celled additions, but by a massive secondary suspensor composed of many 
embryonal tubes. 

6. Differences between certain Taxodineae and Cilpressineae in which 
the embryo systems may resemble each other superficially are discussed, 
showing that in Taxodineae the primary suspensor is usually absent. 

7. The discussion outlines the probable steps in the evolution of the 
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various types of embryogeny thus far found in Cupressineae, Taxodineae, 
and other related groups. 
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Urbana, Illinois 

LITERATURE CITED 

1. Buchliolz, J. T. 1920. Polyembryony among Abietineae. Bot. Gaz. 69: 153-167. 

Figs. 15. 

2. . 1926. Origin of cleavage polyembryony in conifers. Bot. Gaz. 81: 55-“7l. 

Pis. V~VII, 2 figs. 

3. . 1929. The embryogeny of the conifers. Proc. Internat. Cong. Plant Sciences 

1:359-392. 

4. . 1931. The pine embryo and the embryos of related genera. Trans. Illinois 

Acad. Sci. 23; 117-125. 

5. . 1931. The suspensor of Sciadopitys. Bot. Gaz. 92: 243-262. 19 figs. 

6. . 1932. The embryogeny of Cryptomeria japonica, Bot. Gaz. (in press). 

7. Hofmeister, W. 1862. Higher cryptogamia and fructification of the Coniferae. 

(Transl., Ray Soc.) London. 

8. Land, W. J. G. 1902. A morphological study of Thuja. Bot. Gaz. 34: 249-259. 

Pis. 6-8. 

9. Lawson, A. A. 1907. The gametophytes and embryo of the Cupressineae with special 

reference to Libocedrus decurrens. Annals Bot. 21: 281-301. Pis. 24-26. 

10. Nichols, G. E. 1910. A morphological study of Juniperus communis var. depressa. 

Beih. Bot. Zentralbl. 25: 201-241. Pis. 8-17, figs. 4. 

11. Noren, C. O. 1907. Zur Entwickelungsgeschichte des Juniperus communis. Uppsala 

Univ. Arsskrift. 64 pp., 4 Pis. 

12. Ottley, Alice M. 1909. The development of the gametophytes and fertilization in 

Juniperus communis and J. virginiana. Bot. Gaz. 48: 31-46. Pis. I-IV. 

13. Saxton, W. T. 1909. Preliminary account of the development of the ovule, gameto- 

phytes, and embryo of Widderingionia cupressoides Endl. Bot. Gaz. 48: 161-178. 
PI. II, figs. 3. 

14. . 1910, Contributions to the life history of Callitris. Annals Bot. 24: 557-569. 

Pis. 45, 46. 

15 - • 1910* Contributions to the life history of Widderingionia cupressoides. Bot. 

Gaz. 50: 36-48. Pis. 1-3. 

16. . 1913. Contributions to the life history of Actinostrohus pyramidalis Miq. 

Annals Bot. 27: 321-345, Pis. 25-28. 

17* • 1913* The classification of conifers. New Phytol. 12: 242-262. 

18. Saxton, W. T. 1913. Contributions to the life history of Tetraclinis articulata 

Masters, with some notes on the phylogeny of Cupressineae and Callitroideae. 
Annals Bot. 27: 577-603. Pis. 44-46, figs. 9. 

19. Strasburger, E. 1869. Die Befruchtung bei den Coniferen. Jena. 3 Pis. 

20. . 1872. Die Coniferen und die Gnetaceen. Jena. 

21. , 187^^ Die Angiospermen und die Gymnospermen. Jena. 



1 


I 





STRUCTURE AND DEVELOPMENT OF 
ZONARIA FARLOWII 


Arthur W. Haupt 

(Received for publication September 23, 1931) 

Morphological studies in the Dictyotaceae have been confined largely 
to Dictyota, whose life history has become well known through the work 
of a number of investigators. Fadina has received some critical attention, 
but the dozen or more other genera have been largely neglected. One of 
these, Zonaria, is of particular interest because of the peculiarity of certain 
features of its morphology. 

For the most part, Zonaria is a tropical genus, its various species being 
widely distributed. The present investigation is based on Z. Farlowii S. 
and G., which grows abundantly along the coast of southern California in 
the vicinity of Laguna Beach. Nearly all of the material used in the present 
study was collected near Abalone Point, about two miles northwest of the 
village. A few plants were collected along the coast about midway between 
San Pedro and Redondo Beach, but the species is much less abundant 
there. Other Dictyotaceae found at Laguna Beach include Dictyota 
flahellata (Collins) S. and G., D. Binghamiae J. Ag., and Neurocarpus 
zonarioides (Farlow) Howe, forms which are also common farther north. 

Setchell and Gardner (lo) give the distribution of Zonaria Farlowii as 
‘'Santa Barbara to San Diego.” 

In the region where the material for the present study was collected, 

Zonaria grows attached to rocks in tidepools. It gi'ows where, at the time 
of the lowest spring tides, it will still be covered with water. Lack of 
facilities for gathering plants in deep water or at night restricted collecting 
to times when the lowest tides came during the hours of daylight. The 
datum used by the U. S. Coast and Geodetic Survey in reckoning tidal 
heights along the California coast is mean lower low water (ii). It was 
found that the best collecting could be done when the height of the water 
was at or below this level, and that little or no material could be obtained 
when the water was more than 15 cm. above it. 

During the months of June, July, August, and September the lowest 
tides occur at night, and consequently daytime collecting in shallow water 
was further limited to the period of the year from October to May, inclusive, 
the most favorable spring tides occurring from October to February, the 
most favorable neap tides during March, April, and May. Since the 
facilities of a marine laboratory were not available, daily observations 
could not be made, or culture work carried on under natural conditions. !i 

The location of the writer’s headquarters sixty miles from Laguna Beach, j|‘ 
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and the pressure of other duties, made frequent trips to the vsource of 
material impossible. Twelve collecting trips were made during the period 
from February, 1929 to May, 1931. 

Methods 

The meristematic and reproductive cells of Zonaria, like those of many 
other brown algae, contain large quantities of a mucilaginous substance 
which gives trouble in preparing sections for study. Unless much of it is 
removed during fixation, the material becomes difficult to cut, to affix to 
the slide, and to stain properly. After trying a number of different formulas 
containing chromic and acetic acid in varying proportions, both with and 
without the addition of osmic acid, the following was found to be most 
satisfactory: 


Chromic acid I g. 

Glacial acetic acid 3 cc. 

Osmic acid (1%) I cc. 

Seawater 96 cc. 


It was found that the proportion of acetic acid may be increased up to 
5 cc. with satisfactory results, but if less than 3 cc. is used, the mucilage 
remains in the cells. In some formulas the osmic acid was increased up to 
7 cc., but there was no apparent advantage, either in the rapidity of fixing 
or in the precision of staining, to compensate for the greater degree of 
blackening of the cell contents which results. 

The material was fixed at the beach, left in the fixing solution for six 
hours, and then washed for twelve hours in many changes of sea water. 
After being placed in equal parts of sea and fresh water for an hour, it was 
transferred to fresh water for another hour, and then run through the 
usual series of alcohols and xylols. Paraffin sections were cut 4 ^ in thick- 
ness, and stained in iron-alum hematoxylin, frequently with the addition 
of a light counterstain of erythrosin. 

Habit 

Each plant of Zonaria Farlowii consists of a fan-like cluster of thin, 
flat, branching fronds which form many overlapping parallel series, become 
stipe-like below, and are attached at the base by a stupose, disk-shaped 
holdfast (text fig. i). The shape of the plant is due to the fact that growth 
of the fronds is terminal and that branching, which is profuse, occurs in 
but one plane. The plants become semi-circular in outline, or nearly so, 
and usually measure 6-10 cm. from the base to the outer margin, but 
occasionally reach a length of 15 cm. They stand vertically in the water, 
the distal margins of the fronds pointing upward. As a result, one frond 
does not overlie another, but all are held parallel to the light rays. 

The individual fronds are light brown and flabellately divided. As a 
rule the segments reach a length of 8-15 mm. and a width of 5-10 mm. 
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before branching occurs, but considerable variation exists with respect to 
these dimensions. The holdfast, usually 30-40 mm. in diameter, is com- 
posed of a tangled mass of rhizoids. The older, stipe-like portions of the 
plant become somewhat costate by the abundant growth of rhizoids on 
both sides of the median line. As these arise, the lateral wings of the frond 
disappear. There is no thickening of the median portion of the older 
parts of the plant by cell division. 

In sharp contrast to Dictyota, which grows by means of a single apical 
cell, the growth of Zonaria, like that of Padina, results from the activity 



Text Fig. i. Zonaria Farlowii, habit of plant. X i. 

of a marginal row of initials. Growth occurs chiefly in length, but to some 
extent in width as well, meristematic activity occurring at the rounded 
distal margin of the fronds. Branching results from the death of a few 
marginal cells. Further growth may be uniform on each side, as is usually 
the case, or the development of one or more branches may be retarded. 

Internal Structure of Thallus 

^ The development of the thallus takes place by the cutting off, in one 

plane, of posterior segments from the apical row of initials. In a section 
cut parallel to the surface of the thallus, the apical cells appear long and 
narrow (PI. XIX, fig. 7), but when cut in a plane at right angles to the 
surface and parallel to the direction of growth, each initial appears as wide 
as the mature thallus (fig. 5). Richards (7) studied the development of 
the thallus in Zonaria variegata. Fie found that, in each of the marginal 
cells, two unequal segments are formed — a larger distal cell which continues 
the elongation of the frond, and a smaller proximal one. The latter divides 
. into three cells by the appearance of two walls parallel to the surface of 
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the frond, thus forming an inner cell between two outer ones. The inner 
cell then gives rise to one or two layers of cells above and below, the mature 
thallus consisting of 5-7 layers. 

In Zonaria Farlowii the situation is essentially similar to that described 
above, except that the two cells resulting from the division of the apical 
cell are more nearly equal in size. Furthermore, following the cutting off 
of the epidermal layer on each side of the frond, the inner cell gives rise, 
by successive divisions parallel to the surface, to two, four, and finally 
six layers of cells (fig. 5). Thus the mature thallus consists, as a rule, of 
eight layers of cells. The central cells do not undergo additional divisions, 
but the superficial cells do, each primary epidermal cell most commonly 
forming four daughter cells having either a linear or a quadrilateral arrange- 
ment, or a combination of the two. Consequently, a single layer of four 
epidermal cells usually stands above and below each row of central cells, 
although often there may be a few more or less than four (figs. 5, 8, 9). 

As seen from the surface, the longitudinal rows of cells converge toward 
the median portion of the thallus. As pointed out by Setchell and Gardner 
(10), the cells have the form of a parallelopiped. The epidermal and 
marginal cells have relatively dense cytoplasm and numerous chromato- 
phores, while the inner cells are highly vacuolated and have few chromato- 
phores. The nuclei in the vegetative cells are small, having a diameter of 
approximately 5 yu. The cell walls are thickened, probably with pectic 
substances, the middle lamella being distinct. The cell walls on both outer 
surfaces are two or three times as thick as those within the thallus. There 
are no intercellular spaces. 

The superficial and marginal cells are rich in reserve food. This is 
mainly in the form of oil, since numerous black droplets remain in sections 
where the fixative used contained osmic acid, but are not present otherwise. 
The meristematic cells at the apical margin of the thallus have nuclei 
15—20 in diameter. While ordinarily it was difficult to detect the presence 
of a centrosome or of astral rays in these cells, distinct radiations were 
apparent at the distal pole of the nucleus in material fixed in sea water 
containing 5 percent formalin and 3 percent glacial acetic acid, and stained 
in Delafield’s hematoxylin (fig. 6). The presence of a centrosome could 
not be demonstrated, however, although it is probable that one is present. 
In Dictyota Mottier (6) found no aster or centrosome in the apical cell 
during the resting period, but “as soon as karyokinetic activity begins, 
an aster is always to be observed near the nucleus, even while the latter 
still presents the structure characteristic of the complete resting stage.” 

Rhizoids and Hairs 

Although the plants of Zonaria Farlowii are attached to the substratum 
only at their base, short rhizoids are present on older parts of the thallus. 
They appear about 2 cm. behind the distal margin, arising on both sides of 
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the thallus along its median line (text figs. 2-4), but farther back, where 
the thallus is stipe-like, they cover it on all sides. The rhizoids are slender 
branching filaments, brown in color, and growing at their tips (PI. XIX, 
fig. ii). Their cells are uninucleate, but differ in the density of their 
contents and in the number of chromatophores present. 

Another kind of hair-like outgrowths is also generally present in Zonaria I 

Farloiaii. They are formed in localized concentric groups on the young 
parts of the fronds, each group occupying a narrow transverse band or 



Te-Xt Jigs. 2-4. Male, female, and asexual fronds. X 2. 


zone (text figs. 2-4). These sterile hairs may occur on both sides of the 
frond, but ordinarily they are much more abundant on one side than the 
othei . The distance between successive bands of hairs is approximately 
2-4 mm. On narrow fronds, as a rule, the bands are farther apart, probably 
because of a more rapid growth of the thallus. 

The sterile hairs arise directly from the epidermal cells a short distance 
back of the distal margin, and soon become about i mm. long. Each hair 
consists of an upright unbranched filament of short cells (fig. 10). In 
contiast to the ihizoids, growth is entirely basal. There are generally 
about four bands of hairs present, and behind them are transverse lines 
repiesenting the place of attachment of hairs which have disappeared. 
On some plants the sterile hairs are short and more restricted in distribution, 
while sometimes there are none at all. 

In Zonaria variegata Richards (7) states that branched rhizoids occur 
near the base of the underside of the thallus, and that tufts of unbranched 
hails are scattered irregularly over the thallus. He finds no bands of hairs 
in this species, but states that the concentric lines on the thallus represent 
zones of growth and result from an overlapping of the superficial cells. 
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Zonaria Farlowii includes three kinds of individuals: male, female, and 
asexual. As in Dictyota dichotoma, these are alike in size, form, and habit, 
and are superficially distinguishable from one another only by the character 
of their reproductive organs (text figs. 2-4). The only previous account 
of the occurrence of sexual plants in Zonaria is that of Sauvageau (8), who 
described three kinds of individuals in Z, flava. Setchell and Gardner (9), 
who established Z. Farlowii as a new species, described only asexual plants, 
and in their monograph of Pacific Coast algae (10) , overlooking Sauvageau’s 
work, state that antheridia and oogonia are not known in Zonaria, 

The asexual plants of Zonaria Farlowii, at all times of the year, greatly 
exceed the sexual ones in abundance. Often a great deal of searching is 
necessary in order to find sexual individuals, and in places where only a 
relatively few plants occur, they are nearly always asexual. Sauvageau (8) 
found the same situation in Z. flava at Teneriffe. Williams (16) reported 
sexual plants of Taonia and Padina very rare in the British Isles. Others 
have found asexual plants of Dictyota abundant in certain localities, but 
few or no sexual ones. This condition seems to be true, in southern Cali- 
fornia, both of Dictyota and of Neurocarpus. 

In all of the Dictyotaceae the reproductive organs arise from the surface 
of the thallus. In Dictyota only the sexual organs occur in sori, the sporangia 
being isolated and scattered over the surface of the frond, but in Zonaria 
all three kinds of reproductive organs are borne in sori. The sori arise on 
both sides of the frond and in the regions between the transverse bands of 
sterile hairs. On the basis of the character of the sori, the three kinds of 
individuals are easily recognized. As a rule, the oogonial sori are less 
extensive than the asexual ones, while the antheridial are the largest of all 
(text figs. 2-4). The asexual sori are more or less circular in outline, while 
the sexual sori are generally somewhat irregular, often having the form of 
a continuous or interrupted zigzag. 

Although all three kinds of sori commonly arise on both sides of the 
frond, usually they are more numerous on one side than the other. Some- 
times two sori occur directly opposite each other, but ordinarily this is not 
the case. On both the sexual and asexual plants, the youngest sori are 
found approximately 5 mm. behind the anterior margin of the frond, nearly 
always between the first and second transverse bands of hairs. 

The male sori present the appearance of numerous white blisters on the 
surface of the frond. They are not so conspicuous on living plants as on 
those which have been fixed. The antheridia are only slightly raised above 
the level of the thallus. The female sori are brown, and are characterized 
by an absence of paraphyses,^ In the asexual sori paraphyses are always 

1 In their description oi Zonaria, Setchell and Gardner (10, p. 659) say: “Antheridia 
and aplanospores unknown; oogonia on one or both sides of the thallus, borne in small sori, 
among paraphyses.’' This is obviously a typographical error in which the words aplano- 
spores and oogonia have been transposed, as on the next page the aplanospores of Z. Farlowii 
are correctly designated and described, but the antheridia and oogonia are not mentioned. 
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present, giving them a speckled appearance, the sporangia being brown and ■ 

the paraphyses whitish. As a general rule, on the sexual plants the anther- 

idia and oogonia, as the case may be, are all in the same stage of development 

at a given time, although in two different collections both young and 

mature antheridia were present on the same plants, while in one of these 

collections oogonia of different ages occurred together. On the asexual 

plants, however, young sporangia are found near the distal margin, and 

successively older sporangia in the sori behind them. Moreover, the 

peripheral sporangia in a sorus are slightly younger than those in the center, 

indicating that the sori increase in area after their appearance. All three 

kinds of sori are covered with a distinct cuticular indusium which breaks 

when the reproductive organs are ready to shed their contents. 

For reasons already stated, it has not yet been possible for the writer 
to carry on an extensive study at the sea-shore of the relation of external 
conditions to growth of the thallus and to the production and liberation of 
reproductive cells. Some data have been secured, however, which indicate 
an absence of seasonal periodicity, but reveal a definite relation between ;i 

spore production and. the condition of the tides during the various phases 
of the moon. Asexual plants collected tw^o or three days after the first 
quarter, and during the spring tides accompanying the full moon, show 
young sporangia arising immediately behind the distal margin and succes- i 

sively older sporangia farther back. At the time of the last quarter, and '■ f 

during the periods just preceding and following the new moon, practically ; . 

no young sporangia were found, but only sporangia in more advanced : 

stages on older parts of the fronds. Regarding periodicity in the formation 
of antheridia and oogonia, not enough data have been obtained to warrant 
a statement being made at the present time. 

Williams (13, 15, 16) found that, in the British Isles, the sporangia of ,! 

Dictyoia dichoioma are produced during the summer and all stages occur on !! \ 

the same plant, but the sexual organs show periodicity, the production and t 

liberation of each crop occupying two weeks, the interval between two j 

spring tides. Periodicity in the sexual plants was also studied by Hoyt (4) S, 

at North Carolina and by Lewis (5) at Naples. The time relations of this 
species were found to be very different in the three localities. Williams 
(16) discovered that the asexual plants of the other British Dictyotaceae, 
viz., Taonia, Padina, and Ilaliseris {Neurocar pus), also show no periodicity. 

■ i 

Antheridia 

The antheridia arise in large groups from the superficial cells of the 
frond a short distance back of the distal margin, pushing up the cuticle 
as they develop (PL XX, fig. 12). Up to the time of maturity, they are 
slender, colorless, club-shaped structures with thin cell walls and surrounded 
by abundant mucilage. No paraphyses are present. As seen in a trans- 
verse section of the thallus, one or two antheridia stand directly above each 
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vertical row of vegetative cells, while in longitudinal section, generally six 
or eight antheridia are seen above each row. Although all of the antheridia 
in a sorus are in nearly the same stage of development at a given time, 
the youngest are always at the periphery. Thus the sorus may increase 
somewhat in area after its appearance immediately behind the distal margin 
of the frond. 

In the development of an antheridium, the superficial initial divides 
to form a basal stalk cell and an upper primary spermatogenous cell. 
Then, by a series of transverse divisions, which seem to occur in centrifugal 
succession, the latter gives rise to a vertical row of four or five superimposed 
cells (fig. 12). Additional transverse divisions now occur, and at the same 
time, vertical walls at right angles to each other make their appearance. 
As a result, the antheridium consists of approximately ten tiers of cells 
with four cells in each tier (fig. 13). 

Each spermatogenous cell, except a few at the apex of the antheridium, 
by divisions in either two or three planes now gives rise to four or eight 
sperm mother cells, respectively. A longitudinal section of an antheridium 
at this stage of development shows 20-40 tiers of cells (fig. 14), while a 
cross-section reveals the fact that in some antheridia there are eight cells 
in each tier, in others 16 (figs. 16, 17). Since each sperm mother cell gives 
rise to a single sperm, their output varies from about 150 to 650 per anther- 
idium. In Dictyota, Williams (15) found the average output of sperms to 
be about 1,500. 

The walls between the sperm mother cells are extremely thin and 
difficult to demonstrate, but with proper counterstaining may be rendered 
clearly visible (figs. 15-17). The sperm protoplasts now round up within 
the cell cavity, and the intervening cell walls, as well as the outer walls of 
the antheridium, break down, leaving the sperms free in a mass of mucilage 
(fig. 18). This feature was also observed by Sauvageau (8) in Zonaria 
flava. Very careful observation failed to reveal the presence of cilia on 
the sperms at this stage. At least one cilium is doubtless present, but is 
probably closely wrapped about the cell membrane. The mucilage formed 
by the dissolution of the walls of the sperm mother cells swells, rupturing 
the indusium and liberating the sperms into the water. 

The stalk cells of the developing antheridia are not so dense in contents 
as the spermatogenous cells, but are much denser than the underlying 
vegetative cells (figs. 12-14). They are rich in chromatophores and reserve 
food. After the dehiscence of the antheridia, the stalk cells remain un- 
modified and regenerate the epidermis beneath the sorus (fig. 18). Each 
antheridial sorus of Dictyota dichotoma has a well defined border of three 
or more rows of sterile cells, as is well known. In Zonaria Farlowii no 
trace of a similar condition was seen, but according to Sauvageau (8), a 
limiting layer is sometimes present in Z. flava, while in Z. lohata the peri- 
pheral cells form a sterile collar. 


f 


Mar., 1932 j 


HAUPT — ZONARIA 


247 


The discovery of motile sperms in the Dictyotaceae was made by 
Williams (12), who first observed them in Dictyota and Taonia, and later 
(16) in Ilaliseris {Neurocarpus). When active, the sperms of Dictyota were 
seen to be pyriform and to have a single lateral cilium. Although the 
actual escape of the sperms was not observed by the writer, the presence 
of ruptured sori and of many minute swimming cells in filtered sea water 
containing male plants collected several hours previously, strongly indicates 
that the sperms of Zonaria are motile. Unfortunately the swimming 
sperms, when seen, were not sufficiently abundant to make it possible to 
isolate and stain them, and so to determine the number of cilia present. 

OOGONIA 

Like the antheridia, the oogonia arise in groups from the superficial 
cells of the frond just behind the distal margin. In the male sori, all of the 
epidermal cells become antheridia, but in the female sori this would not be 
possible because of the subsequent enlargement of the odgonia. Therefore 
some of the initials develop into oogonia, while some do not develop at all 
(fig. 19). Paraphyses are never formed. The development of the oogonia 
carries up the cuticle, forming an indusium as in the male sori. 

The odgonium initials increase in length and slightly in diameter as 
development proceeds. Their contents become dense, and rich in chromato- 
phores and reserve food. At the same time the nucleus of each increases 
to about twice its former diameter. At this stage polar radiations, such as 
occur in the apical cells, are visible with proper staining (fig. 19). After 
the oogonia have undergone considerable elongation, a small stalk cell is 
cut off from each, the rest of the oogonium constituting a single large egg. 
The diameter of the egg nucleus is nearly 20 jit, or approximately four times 
greater than that of the oogonium initial. The cytoplasm is now somewhat 
vacuolate, and the chromatophores still numerous (fig. 20). 

Following each collection, a few male and female plants were placed in 
a large jar of sea water. The latter were examined at frequent intervals 
with a high-powered dissecting microscope, but at no time were the eggs 
seen to be escaping. On several occasions the plants were kept in the jars 
for as long as a month, and while they remained alive during this period, 
there was little or no growth of the thallus and no escape of the eggs. 
Obviously some condition necessary for the liberation of the gametes, 
present in the ocean, was absent in the cultures. 

Sauvageaii (8) states that in Zonaria flava the oogonia have no stalk 
cell. He observed the escape of the large non-motile egg, but did not see 
fertilization. Where female plants were isolated in cultures, Sauvageau 
noticed some cases of parthenogenesis after the escape of the eggs, but 
never before, lii Pad imi variegata, Wolfe (17) found that “unfertilized 
eggs divide freely, producing a cell body of varying size, but which invariably 
fails to mature.” Williams (15) demonstrated that fertilization of the 
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non-motile eggs of Didyota dichotoma takes place after their escape from 
the oogonia, the sperms being attracted to them. Germination proceeds 
at once, but if fertilization does not occur, the eggs develop partheno- 
genetically. Only a few divisions take place, however, and then the eggs 
die. Williams later (16) found this true also of Haliseris {N euro car pus). 


Sporangia 

The sporangia, like the sexual organs, are epidermal and subcuticular 
in origin and centrifugal in development within the sori. A notable 
difference is the presence of numerous paraphyses among the sporangia. 
In the development of a sporangium, one of the superficial cells of the 
frond enlarges, pushing up the cuticle (PI. XXI, figs. 21, 22). Its nucleus 
increases in diameter two or three times, and its cell wall remains thin. 
After the length of the sporangium initial has become two or three times its 
diameter, the nucleus divides, but no basal cell is cut off as happens in the 
development of the antheridium and oogonium (fig. 23). Instead, with a 
further increase in size, a second mitosis occurs, resulting in four free 
nuclei (fig. 24). The sporangium now undergoes a marked enlargement, 
becoming pyriform, and each of its nuclei undergoes another division to 
form eight (fig. 25). 

When the eight nuclei are first formed they are in no way peculiar, 
but as the sporangium becomes larger, some, and later all, of them become 
irregular in outline and increasingly more dense, finally staining very 
deeply. This condition, illustrated by figure 26, is very characteristic and 
seems always to occur, but is ephemeral, as the nuclei soon return to their 
original condition. Perhaps, at this stage of development, the nuclei are 
so affected by the fixing reagents employed that they assume an abnormal 
appearance. 

Delicate walls now appear in the sporangium, cutting off eight spores. 
Figure 27 shows the arrangement of the spores as seen in a median longi- 
tudinal section. By this time the paraphyses, by a series of parallel divi- 
sions, have reached a length slightly in excess of the sporangia. They are 
clavate in form, each one consisting of a filament of five to seven cells. 
They contain many chromatophores and much reserve food material. At 
this stage the cuticular indusium has become broken and the sporangia are 
ready to shed their spores. 

After each collecting trip some of the asexual plants, kept in jars of 
sea water, were examined with a dissecting microscope, and while often 
many empty sporangia were present, the escape of the spores was not seen. 
Zoospores have never been reported in the Dictyotaceae, and so it is practi- 
cally certain that the spores of Zonaria Farlowii are aplanospores. Sau- 
vageau (8) describes the spores of Z. flam as naked and non-motile. 

Although, as a rule, the spores are shed soon after being formed, as 
evidenced by the presence of numerous empty sporangia surrounded by 
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Others in the stage of development shown by figure 27, in some cases they 
germinate in situ, a feature also observed by Sauvageau. Each spore 
forms a wall about itself, separates slightly from its neighbors, and by 
irregular internal segmentation gives rise to a small group of delicate- 
walled cells (PL XXII, fig. 31). Such stages were seen only on material 
from a few collections, and on older parts of the plants, and so probably are 
not of common occurrence. When grown in culture, the asexual plants 
lived for several months, but did not increase in length or shed their spores. 
Thus it was not possible to study spore germination. According to Sau- 
vageau (8), the spores of Zonaria flava germinate quickly, first producing a 
rhizoid, and then a foliaceous, flabellate thallus one layer of cells in thickness. 

In Dictyoki and most of the other genera of Dictyotaceae, the sporangium 
mother cell cuts off a stalk cell and forms four spores. Because of the 
formation of “ tetraspores,” an affinity with the Rhodophyceae has been 
claimed for the Dictyotaceae by many authors. Sauvageau, who studied 
three species of Zonaria, found differences among them with respect to 
spore formation. Z. flava produces eight spores, a feature first observed 
by Bornet (i), who compared them to the eight eggs of Fucus. The 
sporangia of Z. lohata form four spores, but in Z. variegata, a very widespread 
species, a peculiar condition exists. From December 24 to January 9 
Sauvageau collected, at Teneriffe, mature erect plants with sporangia 
containing four spores arranged as in Dictyota. Shortly thereafter he 
collected creeping plants with sporangia containing eight spores, the erect 
plants being at that time sterile. A month later he found both kinds of 
sporangia on the same thallus, but by the next day the four spores had 
divided to form eight. Later he found only sporangia with eight spores. 
Since the erect plants of Z. variegata produced tetrasporangia in December 
and January, and octosporangia in February, Sauvageau concluded that 
the latter represent the typical form of asexual reproduction, as in Z. flava, 
and the former the accidental form. 

Reduction of Chromosomes 

Accompanying the enlargement of the sporangium initial, which in 
Zonaria is also the spore mother cell, numerous short astral radiations 
appear at the distal pole of its nucleus (PI. XXI, figs. 21, 22). In some 
cases a minute centrosome seemed to be present, but usually none could 
be seen. The radiations are extremely delicate and are rendered visible 
only after careful counterstaining of the sections. In Dictyota dichotoma 
the diameter of the spore mother cell nucleus is about twice that of Zonaria 
Farlowii. In the former species, according to Mottier (6), no asters or 
centrosomes are present in the resting nuclei, but as the spore mother cell 
increases in size “there appear on opposite sides of the nucleus two large, 
sharply defined clusters or asters of kinoplasmic fibers radiating from a 
rod-shaped . . . centrosome.” Williams (14), working on the same form. 
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found a centrosome at each pole of the nucleus of the sporangium initial, 
but saw radiations only at the distal pole. 

During the course of the present investigation, a number of cases of 
mitosis were seen in the first division of the spore mother cell nucleus. 
No prophases were found, but many metaphases and several anaphases 
were critically examined. The first division of the spore mother cell is 
accompanied by the heterotypic mitosis (fig. 28). An equatorial view of 
the metaphase shows approximately 12 bivalent chromosomes arranged in 
a circle. At this stage the chromosomes are short and thick, and while 
their extremely small size renders them difficult to study, often their paired 
character is very evident. Where the entire figure lies in one section, 
counting is difficult, but where the chromosomes are distributed about 
equally between two consecutive sections, there is little or no overlapping 
and the total number can readily be estimated. At the anaphase 12 
univalent chromosomes pass to each pole (fig. 29). 

As in Dictyota and Padina, a bipolar, intranuclear spindle is organized 
whose long axis lies at right angles to the surface of the thallus. An aster 
composed of numerous delicate fibers, and probably also a centrosome, are 
present at each pole (figs. 28, 29). Polar radiations are present during all 
of the free-nuclear stages in sporogenesis, but seem to disappear when walls 
are formed. In Dictyota, Mottier (6) found that, after the spindle is 
formed, the polar radiations become inconspicuous and the centrosomes 
smaller, but that centrosomes are unquestionably present during all stages 
of the two divisions of the spore mother cell, and also in the three or four 
divisions involved in the germination of the tetraspore. 

Heretofore chromosome numbers in the Dictyotaceae have been deter- 
mined only for Dictyota and Fadina. In the former, Mottier (6) counted 
16 bivalent chromosomes at the first mitosis of the spore mother cell, and 
noted that each was in the form of a ring or a short thick U. In the vege- 
tative cells of the asexual plants, he found the chromosomes short, bent, 
slightly U-shaped, and about 32 in number.’' Williams (14), adding 
many details to Mottier’s account, found 16 bivalent chromosomes at the 
first division of the spore mother cell both in Dictyota and Fadina. He 
found the reduced number in the second division of the spore mother cell 
of Dictyota and also in the germinating tetraspore. Williams also (15) 
studied the stalk-cell division of the oogonium initial, finding 16 U-shaped 
chromosomes. He counted the same number in the antheridium initial 
and 32 in the germinating zygote. Georgevitch (3), studying Fadina 
Favonia, counted 24 chromosomes at the metaphase of the first division 
of the spore mother cell, and found 12 going to each pole. Carter’s (2) 
investigation of this species, however, definitely confirmed Williams’ 
previous count of 16 and 32. 

In the present investigation no instance was seen of the second (homo- 
typic) mitosis in the spore mother cell, but a number of sporangia were 
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found with four nuclei in metaphase. Both polar and equatorial views 
were presented. Apparently 12 unpaired chromosomes, the reduced num- 
ber, aie present at this division (fig. 30). They are long and slender, and 
assume a very different appearance from that of the chromosomes formed 
during the heterotypic mitosis. 

Adventitious Thalli 

On all three kinds of plants there arise, among the rhizoids along the 
median line of the thallus, outgrowths which develop into miniature plants 
(text fig. i; PI. XXII, fig. 32). They appear approximately 3 cm. behind 
the apical margin and are formed in large numbers on both sides of the 
thallus. These plantlets reach a length of about 2 cm. and develop a 
small group of rhizoids at the base. After reaching this size they may 
easily be pulled off the main thallus, and so presumably become detached 
to foim independent plants. Before doing so, however, those on the 
asexual plants may produce a few sporangial sori of their own, while those 
on the male and female plants may produce, respectively, antheridial and 
oogonial sori. Plantlets were found on practically all of the material 
collected for the present investigation. 

In the development of an adventitious thallus, an epidermal cell enlarges 
without pushing up the cuticle (fig. 33). Transverse divisions then occur, 
followed by vertical divisions, and soon a small thallus is formed (figs. 
34 37)- The youngest stages have cytoplasm which does not stain deeply, 
and relatively few chromatophores are present. The terminal cell of the 
older stages has a larger nucleus than the others, and probably alone is 
meristematic. 

Sauvageau (8) found that, in Zonaria flava, the foliaceous parts of the 
thallus disappear on old plants, and that new fronds arise from the caulescent 

stumps. These probably correspond to the adventitious thalli described 

above. 

Summary 

Zonaria Farlowii is a southern California species locally abundant in 
the vicinity of Laguna Beach. It grows in tidepools attached to rocks. 

2. The plants, reaching a length of 15 cm., are erect, fan-like, and 
profusely branched. They are mostly frond-like, but stipe-like below with 
a disk-shaped basal holdfast composed of a mass of rhizoids. 
u fronds are thin, flat, and flabellately divided, the stipes costate 

by the abundance of branched rhizoids. Transverse bands of erect un- 
branched hairs occur on the fronds. 

4. Growth occurs at the rounded distal margin through the activity of 
a row of initials. Branching results from local death of marginal cells. 

5. The marginal initials cut off posterior segments in one plane, from 
which, by successive divisions parallel to the surface, the fronds become 
eight layers of cells thick. The superficial cells further divide at right 
angles to the surface, but the central cells do not. 
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6. Three kinds of individuals, superficially alike, are present, vi%.^ male, 
female, and asexual. The sexual plants are comparatively rare. 

7. Antheridia, oogonia, and sporangia are borne in sori occurring on both 
sides of the fronds between the transverse bands of hairs. They arise from 
superficial cells a short distance behind the apical margin. The sori 
increase slightly in area after their appearance. 

8. Paraphyses occur among the sporangia, but not among the sexual 
organs. 

9. Successive stages in the development of the reproductive organs are 
found on the asexual plants, but ordinarily not on the sexual ones. Young 
sporangia arise only just after the period of the lunar month beginning two 
or three days after the first quarter and ending soon after the full moon. 

10. All three kinds of reproductive organs are subcuticular in origin, 
the cuticle forming an indusium which is ruptured when they are ripe. 

11. In both the antheridium and oogonium, the first wall is transverse, 
cutting off a stalk cell. The primary oogenous cell, by a considerable 
increase in size, directly becomes the egg. The primary spermatogenous 
cell, by transverse and vertical divisions, gives rise to 20“-40 tiers with 8 
or 16 small cells in each. 

12. The sperms, each derived from a single mother cell, lie free in a 
mass of mucilage formed by the breaking down of the antheridial walls. 
The output of sperms, per antheridium, is approximately 150-650. 

13. No stalk cell is formed in the sporangium. The initial, which 
therefore is also the spore mother cell, becomes large and undergoes three 
successive free-nuclear divisions, the first of which is the heterotypic 
mitosis. 

14. The eight nuclei become oriented in a characteristic manner, and 
walls then appear to form eight large aplanospores. These are usually 
soon shed, but may germinate in situ. 

15. Astral radiations, and probably also centrosomes, appear in con- 
nection with the division of the apical cells, the oogonium initials, and the 
three free-nuclear divisions of the spore mother cell. 

16. The chromosome numbers are 12 and 24. Counts were made at the 
first and third mitoses in the spore mother cell. 

17. Adventitious fronds appear along the median line of the thallus, 
become detached, and form independent plants. They arise on all three 
kinds of individuals. 

University of California at Los Angeles 

LITERATURE CITED 

1. Bornet, E. Etudes phycologiques. 1878. 

2. Carter, P. W. The life-history of Padina Pavonia. I. The structure and cytology of 

the tetrasporangial plant. Annals Bot. 41 : 139-159. 1927. 

3. Georgevitch, P. Generation asexuee du Padina Pavonia Lamour, Compt. Rend. 

Acad. Sci. Paris 167: 536-537. 1918. 




Mar., 1932] 


HAUPT — ZONARIA 


9- 

10. 

11. 

12. 

13. 

14. 
15 - 
16. 

17* 


253 

Hoyt, W. D. Periodicity in the production of the sexual cells of Dictvota dicliotoma 
.801.0^2.43:383-^392. 1907. 

Lewis, I. F. Periodicity in ZJfdyoto at Naples. Bot. Gaz. 50: 59-64. 1910. 

Mottier, D. M. Nuclear and cell division in ZJfc/yoto dfcAofowa. j\nnals Bot la- 16''- 

192. 1900. ' 

Richards, H. M. Notes on Zonaria mriegata Lam. Proc. Amer. Acad. Arts and 

Sciences 25: 83-92. 1890. 

Sauvageau, C. ^ Observations sur quelques Dictyotacees et sur un Aglaozonia nouveau. 
Bull Soc. Sci. d’Arcachon Stat. Biol. 8: 66-81. 1904-05. 

Setdiell, W. A., and N. L. Gardner. Phycological contributions VI I . Univ Cali- 
fornia Pubi. Bot. 13: 1-13. 1924. 

— . The marine algae of the Pacific Coast of North America. III. Melanophyceae 
Univ. California Publ. Bot. 8: 650-662. 1925. 

Tide Tables, Pacific Coast. U. S. Coast and Geodetic Survey. 1929-31. 

Williams, J. L. Mobility of antherozoids of Dictyota and Taonia. "four Bot i!";- 
361-362. 1897. ■ 

■ ^reproduction in Dictyota dichotoma. Annals Bot. 12: 559—560. 189S. 

. Studies in the Dictyotaceae. I. The cytology of the tetrasporangium and the 
germinating tetraspore. Annals Bot. 18: 141-160. 1904. 

T' Dictyotaceae. II. The cytology of the gametophyte generation. 

Annals Bot. 18: 183-204. 1904. 

-. Studies in the Dictyotaceae. III. The periodicity of the sexual cells in Dictyota 
dtcfwtojna. Annals Bot. 19: 531-560. 1905. 

Wolfe, J. J. Alternation and parthenogenesis in Padina. Jour. Elisha Mitchell Sci 
Soc. 34: 78-109. 1918-19. 


EXPLAKATIOW OF PLATES 
Plate XIX 

hiG. 5. Median longitudinal section of thallus. X 150. 

hiG. 6. Portion of apical cell of same, showing astral radiations at distal pole of 
nucleus. X 500. 

Fig. 7. Section cut parallel to surface of thallus. X 150. 

Fig. 8. Portion of epidermis cut parallel to surface of thallus. X 375. 
hiG. 9. Transverse section of thallus. X 375. 

I IG. 10. Iiansverse section of portion of thallus, showing origin of sterile hairs 
X 375* 

h IG. 1 1 . A few rhizoids. X 75. 

Plate XX 

Fig. 12. Transverse section of portion of young male sorus, showing early stages in 

development of antheridia. X 375. 

hiG, 13. The same, later stage. X 375. 

hiG. 14. I he same, showing formation of sperm mother cells. X 375. 

hiG. 15. Longitudinal section of portion of antheridium with sperm mother cells 

X 1000. 

hiGS. 16, 17. Transverse sections of same. X 1000. 

^ hiG. 18. t ransverse section of portion of thallus, showing ripe sperms free in mucila- 
ginous matrix. X 375. 

Img. 19. I ransverse section of portion of young female sorus, showing young oogonia 
before cutting off of stalk cell. X 375. ■ 

Lig. 20. 1 ransverse section of portion of mature female sorus, showing ripe oogonia 

X 375- i & . 
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Plate XXI 

^ ^ Figs. 21, 22. Transverse section of portion of sporangial sorus, showing sporangium 
initial and paraphyses. X375. 

Fig. 23. First division of spore mother cell nucleus. X 375. 

Fig. 24. Second division of same. X 375. 

Fig. 25. Third division of same. Nuclei in four sections. X 375. 

Fig. 26. Spore mother cell with nuclei in characteristic but peculiar condition. Two 
more nuclei present in other sections of series, those shown occurring in three sections 
X 375- 

Fig. 27. Mature sporangium showing wall formation. Another nucleus occurs above 
and still another below the plane of those shown here. X 375. 

Fig. 28. Metaphase of heterotypic mitosis in spore mother cell. The next section 
shows five bivalent chromosomes. X 1,500. 

Fig. 29. Anaphase of heterotypic mitosis. X 1,500. 

Fig. 30. Polar view of chromosomes at metaphase of third mitosis in spore mother 
cell. X 1,500. 

Plate XXII 

Fig. 31. Germination of aplanospores before being shed, an unusual condition. 

X 375. 

Fig. 32. Older portion of frond, showing adventitious plantlets arising along median 
line. X 2. 

Figs. 33~37- Stages in the development of adventitious frond. X 375. 
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THE INTERRELATION BETWEEN SUBSTANCES IN PLANTS: 
ESSENTIAL OILS AND RESINS, CYANOGEN AND OXALATE 

James B. McNair 

(Received for publication September 24, 1931) 

The objects of this paper are (i) to show the probability of resin forma- 
tion in plants from essential oils and (2) to demonstrate the possibility of 
oxalate production from cyanogen. 

Essential Oils and Resins 

If resins are formed from essential oils then: (i) All resin-bearing plants 
must contain essential oils, and (2) substances must be present in essential 
oils that will interact with themselves or other substances to form resins. 

Definitions of Resin and Essential Oil 

Natural resins are in general brittle exudations of plant tissues, formed 
either normally or as a result of pathogenic conditions, or sometimes artifi- 
cially induced. Their chemical constitution is generally highly complex, 
with the exact constituents still uncertain, but their ultimate analysis shows 
carbon and hydrogen with a small amount of oxygen. They are character- 
ized by chemical stability and inertness, not being readily attacked by acids 
or alkalies. They are insoluble in water and inorganic liquids, but are more 
or less soluble in numerous organic solvents. They have an amorphous 
stiucture (rarely crystalline), become sticky when heated, often at compara- 
tively low temperatures, and are fusible with no sharp melting points. 

Volatile, essential, or ethereal oils are aromatic volatile substances of an 
oily nature usually obtained by the distillation of vegetable products with 
steam. They are generally liquid, though sometimes semi-solid at ordinary 
tempeiatures, slightly soluble in water, soluble in alcohol, ether, benzene, 
light petroleum, and most organic solvents. They are found in all parts of 
the plant or tree, some occurring in the woody stems or roots, others in the 
baik, leaves, flowers, and fruits. Many essential oils are complex mixtures, 
containing constituents belonging to various classes of organic compounds, 
as hydrocarbons, alcohols including phenols, aldehydes, acids, esters, phenol 
etheis, ketones, lactones, quinones, oxides, bases, sulphides, mercaptans, 
nitriles, and isothiocyanates. 

Distribution of Essential Oils in Plant Families 

The essential oil-bearing families of the gymnosperms and angiosperms as 
recently listed by Gildemeister (1922) and Wolff (1927) may be climatically 
divided according to Engler and Gilg and Willis. By this classification they 
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are, tropical: Pandanaceae, Palmae, Araceae, Zingiberaceae, Urticaceae 
Menispermaceae, Anonaceae, Myristicaceae, Monimiaceae, Lauraceae, Pit- 
tosporaceae, Erythroxylaceae, Humiriaceae, Zygophyllaceae, Burseraceae, 
Mehaceae, Anacardiaceae, Sapindaceae, Gonystilaceae, Tiliaceae, Stercu- 
liaceae, Guttiferae, Dipterocarpaceae, Winteraceae, Myrtaceae, Apocyna- 
^ae, Asclepiadaceae, Convolvulaceae, Acanthaceae, Rubiaceae, Piperaceae, 
Turneraceae, Cancaceae, Vitaceae, Orchidaceae, Moraceae, Araliaceae, and 
\erbenaceae; tropical-subtropical: Tropaeolaceae, Theaceae, Geraniaceae, 
■Indaceae, and Magnoliaceae; subtropical: Myricaceae and Hamamelidaceae; 
subtropical-temperate: Taxaceae; temperate: Resedaceae, Caprifoliaceae, 
alicaceae, Juglandaceae, Betulaceae, Caryophyllaceae, Ranunculaceae, 
Papaveraceae, Cruciferae, Saxifragaceae, Cistaceae, Umbelliferae, Primu- 
laceae, Gentianaceae, Pinaceae, Polygonaceae, Pirolaceae; and widely dis- 
tn uted. Santalaceae, Aristolochiaceae, Rutaceae, Euphorbiaceae, Lythra- 
ceae, Solanaceae, Malvaceae, Liliaceae, Rosaceae, Ericaceae, Labiatae, 
alerianaceae, Gramineae, Ulmaceae, Chenopodiaceae, Leguminosae, 
Polygalaceae, Aquifoliaceae, Celastraceae, Violaceae, Thymelaeaceae, Olea- 
ceae, Scrophulariaceae, and Compositae. 

According to the foregoing list essential oils are found in 87, or 29.49 per- 
cent, of the 295 plant families listed by Engler and Gilg. Of the families 
containing essential oils, 38, or 43.6 percent, are mainly tropical in habitat; 
5 . or 574 percent, are tropical-subtropical ; 2, or 2.29 percent, are subtropical ; 

I, or 1. 14 percent, is subtropical-temperate; 17, or 19.51 percent, are temper- 
ate; and 24, or 27.58 percent, are widely distributed in life zones. 

Of a total of 153 tropical families 38, or 24.84 percent, have essential oils- 
of 15 tropical-subtropical families 5, or 33,33 percent, have essential oils; of 
8 subtropical families 2, or 25.0 percent, have essential oils; of 7 subtropical- 
temperate families i, or 14.28 percent, has essential oils; of 50 temperate 
t^amilies 17, or 34,00 percent, have essential oils, and of 57 families of widely 
distributed habitats 24, or 42.10 percent, have essential oils. 

Distribution of Resins in Plant Families 

• appreciable amounts of resins are, accord- 

ing to Wolff (Wiesner. 1927), tropical: Palmae, Myrothamnaceae, Zygophyl- 
laceae, Burseraceae, Anacardiaceae, Sapindaceae, Guttiferae, Dipterocar- 

s?Sr?ni^r Rubiaceae, Moraceae, and Araliaceae; 

subtropical: Hamamelidaceae; temperate: Caprifoliaceae, Juglandaceae 
etulaceae, Cistaceae, Umbelliferae, and Pinaceae; and widely distributed’ 

SCSr'' ' Rhamnacea., and 

It IS apparent from the list just completed that 26 families .are tnoivn to 

a e tmpSrT'm , r”™'" f ' 3 . or 50,0 percent, 

peram Td k ' IS. ” " 3-0 percent, are tem- 

P late, and 6, or 23.0 percent, are widely distributed in habitat. 
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The climatic distribution of resin families may be compared with the 
climate distribution of the total numbers of plant families. Making use of 
the climatic distribution of these as determined from Engler and Gilg and 
Willis it becomes apparent that of the 295 families of gymnosperms and 
angiosperms 26, or 8.81 percent, contain resin. Of a total number of 15c! 
tropical families 13, or 8.43 percent, have resins; of 8 subtropical families i 
or 12.5 pel cent, has resin; of 50 temperate families 6, or 12.0 percent, have 
resins; and of 57 families of widely distributed habitats 6, or 10.5 percent 
have resins. ' 


Distribution of Essential Oils and Resins Compared 
Of the 87 essential oil-containing families only 24, or 27.81 percent, have 
resin in appreciable quantity. It is therefore evident that it is not necessary 
foi an essential oil-bearing family to have resin in large amount. Of the -^7 
resin-bearing families 24 have also essential oils according to Gildemeister. 
The three resin-producing families which apparently are not associated with 
appreciable amounts of essential oils are the Myrothamnaceae, Styracaceae, 
and Rhamnaceae. Before definitely deciding that these families do not 
conta,in essential oils they should, be further investigated. 

The Myrothamnaceae are closely related to the Hamamelidaceae and 
Pittosporaceae, both of which contain essential oils. The only plant of the 

accredited with yielding resin is Myrothamnus 
flabelhformts Welw. The resin obtained from this plant is, according to 
Nmdenzu (Engler and Prantl), a balsam. As balsams are by definition 
mixtures of resins and essential oils it is apparent that an essential oil is 
present in this plant although not cited by Gildemeister. 

Two plants are considered as furnishing the resin of the Styracaceae. 
These are Styrax Benzoin Dryand., which yields gum benzoin, and Stymx 
offiemale L., which gives true storax. Gum benzoin consists principally of 
benzoic acid, partly free and partly combined with resin alcohols, which have 
been named benzoresinol and siaresinotannol. Vanillin is present in traces 
and m Sumatra benzoin, about half the free acids consist of cinnamic acid. 
Small quantities of vanillin, styrol, styracine, phenylpropyl cinnamate, and 
benzaldehyde are also present in Sumatra benzoin. All of these substances 
except benzoresinol and siaresinotannol are present in essential oils. Gum 
benzoin also is defined as a balsamic resin containing essential oil . The other 
resin known to this family is true storax from Styrax officinale L. This sub- 
stance is similar to benzoin in composition. 

The third resin-contaming family which according to Gildemeister is not 
considered as containing essential oil is the Rhamnaceae. The genus to 
w nch It owes its inclusion in the list of resin-producing families is Zizyphus. 
This genus produces a water-soluble gum but does not naturally produce any 
resin (Watt,)._ _ The substance because of which Zizyphus is classed among 
he resin families is shellac. Shellac is not purely a vegetable product but is 




W/D£Ly 
o/sr/=ffB. 

resins and essential oils in plant families. 

It may therefore be con- 

... , families produce essential oils. 

to notice that although there are three times as many 
e is a close parallelism between the 
in similar habitats. 
44 percent are tropical, of the 
percent are subtropical, of resin, 4 per- 

resin 23 percent; of oil, 27 percent 
resin, 23 percent. 

Mutual Association of Essential Oil and Resin in the Same Plant 


U US ana tne tinrd does not produce a true resin 
eluded that too percent of the resin 
It is of interest also 

essential oil families as resin families ther 
^rcemages of e^„,ial „il ,a„i,ios and resin famiiies 
hor instance, of the oil-containing families, 
resin-containing, 50 percent; of oil, 2 j — 
cent; of oil, 19 percent are temperate, of 
are widely distributed, of 
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Resin Name 


Mastic 

Bisabol Myrrh 
Opopanax 
Conima 
Manila elemi 

Ma'ali resin 
African elemi 
Dammar 
Lagan balsam 
Gurjun balsam 
Guaiac resin 
Amer. Storax 

Storax 


Honduras balsam 


Sandarac 
Kauri Copal 
Manila Copal 

Araucaria 

Rosin 

Canada Balsam 
Saga pen um 
Galbanum 
Asafoetida 
Labdanum 

Yucatan elemi 
Copaifera Balsam 
Angola Copal 
Benin Copal 
Copaifera Balsam 

Illurin Balsam 
Tolu Balsam 

Peru Balsam 


Xanthorrhoea 


Family 


%Oil 


Oil Constituents 


Anacardiaceae 

Burseraceae 

Burseraceae 

Burseraceae 

Burseraceae 

Burseraceae 

Burseraceae 

Dipterocarpaceae 

Dipterocarpaceae 

Dipterocarpaceae 

Zygophyllaceae 

H a mamel i daceae 

Hamamelidaceae 


Hamamelidaceae 


Pinaceae 

Pinaceae 

Pinaceae 

Pinaceae 

Pinaceae 

Pinaceae 

Umbelliferae 

Umbelliferae 

Umbelliferae 

Cistaceae 

Burseraceae 

Leguminosae 

Leguminosae 

Leguminosae 

Leguminosae 

Leguminosae 

Leguminosae 

Leguminosae 


Liliaceae 


1-3 

7 

5-10 

traces 

20-30 

16 

II 

I 


Pinene 

Bisabolene 

Bisabolene (resinifies quickly in air) 
Coninene 

Phellandrene, dipentene, elemicin (a 
phenol ether) 

Ma'ah alcohol (sesquiterpene alcohol) 
Phellandrene 


10-22 Caryophllene 

Gurjunene (hydrocarbon) 
0.66 


7 Styrene, vanillin, cinnamyl cinna- 
mate, phenyl propyl cinnamate 
Phenylethylene (styrene), styrocam- 
phene, ethyl cinnamate, benzyl cin- 
namate, naphthalene, phenylpropyl 
cinnamate, cinnamyl cinnamate, 
vanillin 

15-20 Cinnamic acid, cinnamic alcohol 
p^henyl propyl alcohol, CgHs, CsHioi 
C0H12 

Pinene, diterpene 
Pinene, dipentene, isoprene 
Pinene, dipentene, limonene, cam- 
phene 


19 

10-22 


0.91 

8-10 

^5 

2 


Pinene, dipentene, cymene, cam- 
phene 
Pinene 

Pinene, cadinene 
Pinene 

Acetophenone, trimethyl hexavone, 
guajol 

Cadinene, caryophyllene 


3 

40-72 

37-46 

1-7 


Cadinene, sesquiterpene alcohol, ses- 
quiterpene 

Cadinene, caryophyllene 
Phellandrene, farnesol, benzyl ben- 
zoate, benzyl cinnamate 
Farnesol, benzyl benzoate, benzyl cin- 
namate, vanillin, peruviol, dihydro- 
benzoic acid 


33-37 


Styrene, cinnamic acid free and 
ester. 


as 


the same plant the data in table i are presented, which lists some of the com- 
mon resins together with the percentages and chemical constituents of their 
mechanically incorporated essential oils which have been separated from the 

resins by steam distillation. 


Location of Essential Oil and Resin in the Plant Structure 
When the location of essential oils and resins is investigated in plant 
structures, both substances are found in similar anatomical structures 
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( eBary, 1884; Haberlandt, 1914), namely in secretory glands, excretory 
reservoirs, and parenchyma cells, located in leaves, flowers, stems, and roots. 
Both compounds are frequently found in the same cellular enclosure. 

Resin-forming Substances in Essential Oils 

One of the best ways to determine the possibility of resin formation from 
essential oils is to study the formation of artificial resins. The classification 
of artificial resins based on the reactions that occur during formation has 
been used by Scheiber and Sandig (1929) and by Carothers (1929), and is as 
follows: 

(1) Polymerization. Examples: Olefins and poly-olefins, unsaturated 
hydrocarbons, azo compounds. 

(2) Condensation. Examples: Poly-esters, phenol-aldehydes, ketone- 
aldehydes, hydrocarbon-aldehydes, alcohol- phenols, phenols-sulfur chlorid. 

There are many of these chemical groups present in essential oils, e.g., 
olefins (octylene) ; olefinic terpenes which show a great tendency to resinify 
(myrcene, ocimene); alicyclic hydrocarbons (a:-pinene, which like many 
terpenes upon standing partly resinifies) ; sesquiterpenes (ceylon citronella 
oil, which is very unstable when exposed to the air and resinifies within a few 
days, as does cadinene with the formation of a polymerization product) ; 
esters (benzyl acetate, cinnamyl acetate, geranyl acetate, linalyl acetate,’ 
eugenyl acetate); phenols (anol, chavicol, charvacrol, thymol, anethol,’ 
safrol, estragol); aldehydes (citronellal, geranial, santalal, dtral), ketones 
(amsaceton, menthon, fenchon, camphor, pulegone) ; and alcohols (mentha- 
nol, benzyl-alcohol, citronellol, geraniol, linalool, menthol, terpinol). 

It seems likely that natural resins may therefore be formed from consti- 
tuents of essential oils. For example, there is the oil in the fruit of Pitto-^ 
sporum resiniferum Hemsl., which contains heptane and dihydro terpene and 
rapidly resinifies in the air. The essential oil exudate from the trunk of 
Nectandra Caparrapt Pharm. ex Wehmer contains the sesquiterpene alcohol 
caparrapiol and the hydrocarbon caparrapene which readily polymerize 
with heat to form a resin. There is also tolu balsam from Myroxylon lohd- 
ferum H.B.K. which hardens in time and contains the sesquiterpene 

p ellandrene, the alcohol farnesol, and benzyl esters of benzoic and cinnamic 
acids. 

Function of Essential Oils and Resin 
Essential oils apparently serve as solvents for, transporting agents for 
and mother substances of, resins. As nearly twice as many essential oil and 
resin families occur in the tropics as in the temperate zone, these two sub- 
stances, in accordance with the abundance of their distribution, are ap- 
parently useful in both climates, but more so in the tropics. 

Cyanogen and Oxalate 

oxaW occurrence of prussic acid, protein matter, and calcium 

. alate in cells m Pangium edule has been noticed by Treub (1907, 1910). 
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The finding of two nitrogenous compounds in a cell is not remarkable but 
the discovery of prussic acid in the presence of an oxalate leads to conjectures 
regarding the chemical origin of the oxalate. 

Chemical Basis 

From a chemical standpoint cyanogen is closely related to oxalic acid, 
for if ammonium oxalate be heated with a dehydrator such as phosphoric 
oxid, cyanogen is produced. Inversely, if cyanogen is dissolved in hydro- 
chloric acid, ammonium oxalate is formed bv the addition of four molecules 
of water, NH400C-C00NH4 = NC-CN + 4H,0. Cyanogen is thus 
proved by these reactions to be the nitrile of oxalic acid, the constitutional 
formulae of which are: 

O O 

JZ -C^ = N = C- C = N 

HO^ '"oh 

In consideration of these chemical relationships, the mutual occurrence 
of cyanogen and calcium oxalate in plant cells may not be unusual from a 
chemical standpoint. 

The Taxonomic and Climatic Distribution of Oxalate Families 
^ According to Berger (1908), Frey (1925), Kraemer (1907), Kunth (1924), 
Limpricht (1928), Solereder (1908, 1928), Warburg (1900), and Winton 
(1916), calcium oxalate is found in 215 plant families. These families are 
listed in table 2 and are classified climatically by Engler and Gilg (1919), 
and Willis (1925)- An analysis of their data shows that 118, or 54.13 per- 
cent, are mostly tropical; 6, or 2.75 percent, are mostly tropical-subtropical; 
3, or 1.37 percent, are mostly subtropical; 5, or 2.29 percent, are subtropical- 
temperate; 39, or 17.89 percent are temperate ; and 47, or 21.56 percent, are 
widely distributed in habitat. 

The climatic distribution of oxalate families may be compared with the 
clirnatic distribution of the total number of plant families. Making use 
again of the climatic distribution of these by Engler and Gilg and Willis it 
becomes apparent that of the 295 families of gymnosperms and angiosperms 
218, or 73 - 9 t> percent, contain oxalate; of 153 tropical families 118, or 77.12 
pei cent, have oxalate; of 15 tropical-subtropical families 6, or 40.00 percent, 
have oxalate; of 8 subtropical families 3, or 37.50 percent, have oxalate; of 
7 subtropical-temperate families 5, or 71.43 percent, have oxalate; of 50 
tempeiate families 39, or 7S.00 percent, have oxalate, and of 57 families of 
widely distributed habitats 47, or 82.46 percent, have oxalate. 

It is evident that of the plant families producing oxalate nearly three 
times as many are found in the tropics as in the temperate zone. Those 
mostly tropical in distribution include 118, or 54.13 percent, of all the oxalate 
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Table 


The Taxonomic and Climatic Distribution of Cyanogenetic Glucosides and Calcium 
Oxalate 


Family 


AcanthaceaeJ . . . 

Aceraceae* 

AizoaceaeJ 

AmarantaceaeJ f ■ 
AnacardiaceaeJ . . 
AnonaceaeJ ..... 
Apocynaceae j . . . 
AquifoIiaceae§ . . . 

Araceaej: 

AraliaceaeJ 

Aristolochiaceae§ . 
AsdepiadaceaeJ . . 
Balanophoraceae t 
Balanopsidaceaef . 

BasellaceaeJ 

BatidaceaeJ f , . . . 
Begoniaceaet .... 
Berberidaceae* . . . 

Betulaceae* 

Bignoniaceael. . . . 

Bixaceaet 

Boraginaceae§ , . . . 
Bromeliaceaef , . . . 

Bruniaceael: 

Burmanniaceae}. . 

BurseraceaeJ 

Buxaceae§ 

Cactaceae* 

Calycanthaceae§ . . 

Calyceraceae* 

Campanulaceaef * . 

CannaceaeJ 

Capparidaceaet . . . 
Caprifoliaceae* . . . 

CaricaceaeJ: 

Caryophyllaceae*. . 
Casuarinaceaet. . . . 

Celastraceae§ 

Chenopodiaceae§ . . 

ChlaenaceaeJ 

Chloranthaceaef . , . 

Cistaceae* 

CochlospermaceaeJ . 
Columelliaceae* . . . , 
CombretaceaeJ . . . . . 
Commelinaceae j . . . 
Compositae§ ....... 

ConnaraceaeJ 

Convolvulaceaej . . . 

Coriariaceae* 

Cornaceae§ ...... 

CorynocarpaceaeJ . . 
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Table 2 . — Continued 


Family 

Cyaiiogenetic 

Glucosides 

Ordinary Crystals 

Clustered Crystals 

Rhombohedral 
Solitary Crystal 

M 

a> 

’3 

o 

a 

in 

Octahedral or 
Prismatic 

Raphide Bundles 

Typical Styloid s 

Resembling 

Styloid s 

u 

u 

13 'o 

H 

Crassulaceae§ 

Cruciferae* 

X 


X 

X 

X 





X 

CucurbitaceaeJ 



X 







Cyclanthaceaet 


X 

V 




X 

X 


Cynocrambaceaef * 


A 




X 


Cyrillaceae§ 


X 








Datiscaceae§ 





X 





Diapensiaceae* 


X 

X 








DichopetalaceaeJ 










Dilleniaceae.t 






X 




DioscoreaceaeJ 







X 



Dipsacaceae§ 



V 







Dipterocarpaceael 


X 

A 

X 







Droseraceae§ 

X 







EbenaceaeJ 

X 









Elaeagnaceae§ 





X 





E^latinaceae§ 



V 







Empetraceae* 



V 








EpacridaceaeJ 


X 

X 

X 

X 

X 

X 



A 






Ericaceae^ 










Eriocaulaceaej 


X 

X 








Euphorbiaceae§ 

X 


V 

A 


X 

X 


Fagaceae§ 


A 




Flacourtiaceaet 

X 









FlagellariaceaeJ 

X 








FouquieriaceaeJ I 




V 






Fran ken iaceae§ | 



X 

X 


A 






Gentianaceae* 1 





v 





Geissolomataceaej 


X 

X 



A 





GeraniaceaeJ f 




V 



X 



Gesneriaceaet 



X 


A 

V 

A 

X 



Globulariaceae* 





A 

V 




Gomortegaceae* 






A 

V 





Gonystilaceaet 


X 




A 





Gooden iaceaej 





V 





(,Tramineae§ 

X 





A 





Grubbiaceael 

X 

X 









GuttiferaeJ: 





V 





HaIoragaceae§ 


X 



A 





Hamamelidaceaef 


X 









Hernandiaceael 



X 


V 





FI i ppocastanaceae § 


X 

X 

X 



A 





HippocrateaceaeJ 










FlumiriaceaeJ 










Flydnoraceaef 





V 





Flydrophvllaceae* . . . 



X 



A 





IcacinaceaeJ 


X 

X 

X 

X 







X 

Juglandaceae* 








X 

Labiatae^ . 


X 



V 




Lacistemaceaei* . . . 




A 





I-ardizabalaceae* .... 




X 






Lauraceaet 

X 




V 





LecythidaceaeJ 

X 

X 




A 





Legimiinosae§ 

X 


X 

X 

X 



X 
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Leitneriaceae* . . . 

Lemnaceae§ 

Lentibulariaceae § 

Liliaceae§ 

Linaceaef 

Loasaceae§ ...... 

Loganiaceaet ■ • • . 
LoranthaceaeJ . . . 

Lythraceae§ 

MagnoliaceaeJ f. . 
Malpighiaceae} . . 

Malvaceae § 

Marantaceaej . . . . 
MelastomataceaeJ 

Meliaceaet 

Melianthaceaet . . . 
MenispermaceaeJ . 
A^onimiaceaeJ . . , . 

Moraceaef 

MoringaceaeJ 

Musaceael 

. MyoporaceaeJ . . . . 

Myricaceaef 

Myristicaceaet . . . . 
Myrothamnaceaef . 

MyrsinaceaeJ 

Myrtaceaej 

Myzodendraceae* . . 
NepenthaceaeJ .... 

Nolanaceaej 

NyctaginaceaeJ . . . 
Nyraphaeaceaef * . . 

Ochnaceae t 

Octoknemataceaej . 
Olacaceael ....... 

Oleaceae§ 

Onagraceae§ 

Orchidaceaef 

Papaveraceae* 

Palmaet . . . 

Passifloraceae j . . . . . 
PandanaceaeJ . . . . . . 

PedaliaceaeJ 

Penaeaceael 

Pentaphylacaceae* . *. 

PhilydraceaeJ 

Phytolaccaceaei 

Piperaceaet 

Pittosporaceael .... 

Platanaceae*. ...... 

PIumbagiiiaceae§ . . . . 

PodostemaceaeJ 

Polemoniaceae* . . . .” 
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Table 2 . — Continued 


Family 

Cyanogenetic 

Glucosides 

Ordinary Crystals 

Clustered Crystals 

Rhombohedral 
Solitary Crystals 

1 

Spherulites j 

Octahedral or 
Prismatic 

Raphide Bundle vS 

Typical Styloid s 

Resembling j 

Styloids 

Typical Crystal 

Sand 

PoiygaIaceae§ 


y 









Polygconaceae* 


A 

V 









Pontederiaceaet 


A 






X 

X 


Portulacaceae§ 


V 

A 






Proteaceaet 

V 

A 

V 









Rafflesiaceaet . 

A 

A 




X 

X 

X 





Ranunculaceae* 

X 


V 







Resedaceae* 


A 







Restionaceaef * 


y 




X 




Rhamnaceae^ 


V 





X 



RhizophoraceaeJ 


A 

y 








Rosaceae§ 

V 

V 



X 

X 



X 

X 


RubiaceaeJ . 

A 

v 

A 

V 



X 

X 

X 

Rutaceae§ 

A 

A 

y 



X 


Sabiaceaet 


y 



X 


X 

X 


X 

Salicaceae* 


A 

V 








Santalaceae§ 


A 

V 









Sapindaceaei: 

y 

A 

y 






X 

X 

X 

Sapotaceaet 

V 

A 

V 






Sarraceniaceae* . . 


A 








X 

Saxifraaaceae* . . 

V 

V 

A 



X 

X 

X 


X 

Scheuchzeriaceae* , . . 

y 

A 





Scrophulariaceae^ .... 

X 

X 




X 





Scytopetalaceael 








Simarubaceae+ 


y 


A 




X 



Solanaceae§ 


A 

y 



X 

X 

X 



X 

Staphyleaceaet 


A 

y 






Sterculiaceaet 

X 

A 

y 




X 





StylidiaceaeJ: 


V 







Styracaceae§ 


y 

A 



X 





Taccaceaet 


A 

V 







Tamaricaceaef * . . . 


X 

y 

A 








TheaceaeJ t . . . . 






X 

X 



Thymelaeaceae§ 


A 

y 

V 




X 

X 

TiliaceaeJ 

V 

A 

y 

A 





X 

TremandraceaeJ:. . . . 

A 

A 

X 

X 







X 


Trochodendraceae* . 










TurneraceaeJ 


y 








Ulmaceae§ 


y 

A 






X 


UmbelHferae* . . . 


A 

y 








Urticaceaet .... 

X 

A 

y 





X 

X 



Valenanaceae§ 


y 






Verbenaceaet 


y 

A 



X 

X 





Vitaceaet 


A 

y 




X 




Vochysiaceaet 


A 

y 







WinteranaceaeJ .... 

X 

A 

X 

y 




X 





Xyridaceaet 

y 







ZygophyllaceaeJ 


A 

X 

A 



\A 

X 

X 

X 


ZingiberaceaeJ 




V 

X 














X 


i t Mn^K, , u. • , t * Mostly subtropical-temperate 

I t Mostly tTopical-subtropical * Mostly temperate 

^ , , r § Widely distributed 
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families while only 39, or 17.89 percent, are found growing largely in the 
emperate zone. The ratio of tropical oxalate families to the total tropical 
amihes (77.12 percent), however, is about equal to the ratio of temperate 
oxalate families to the total temperate families (78.00 percent). 


Climatic Distribution of Oxalate Crystal Types 
The climatic distribution of the various crystal types in which calcium 
oxalate is precipitated in plants is shown in table 3. These different crystal 
forms and aggregates that have been distinguished in these families are like- 
wise shown in table 2. They are: (i) ordinary solitary crystals, of large but 
variable size, which are very widely distributed together with their modifica- 
tions and twin crystals; (2) styloids or columnar crystals or twin forms of 
such crystals, the latter when typically differentiated reminding one of the 
characteristic crystals of gypsum; styloids commonly replace raphides in 
plants and occasionally show transitions to the form of crystals, discussed 
under (4) ; (3) octahedral or prismatic crystals generally of rather small size; 
(4) ac%cular crystals, i.e., small needle-shaped or fusiform crystals which 
sometimes merge into small crystals of prismatic shape, or crystals which are 
almost of the nature of styloids; when elongated, the acicular crystals may 
resemble raphides, but when they are very small they look like sand ; in most 
cases arge numbers of acicular crystals occur in the same cell; (5) clustered 
crystals; (6) spheruhtes, spherical concretions of clustered crystals with a 
smooth or rather smooth surface ; (7) raphides, i.e. long acicular crystals, large 
numbers of which he parallel to one another in a mucilage-containing cell; 
^8)i^cry5toZ sand composed of many small crystals which completely fill the 

Of the 391 known recorded familial occurrences of the various forms of 
oxalate, ordinary crystals occupy 135, or 34.52 percent; octahedral or pris- 
mabc crystals 68, or 17.40 percent; clustered crystals 59, or 15.08 percenf 
ypical styloids 31, or 7.93 percent; spheruhtes 21, or 5.37 percent; styloid- 
resembling 18, or 4.60 percent; typical crystal sand 20, or 5.1 1 percent- 

raphide bundles 29, or 7.42 percent; and rhombohedral solitary crystals 10’ 
or 2.55 percent. lu, 

T occasionally occur side by side in the same 

plant the chief combinations of which are solitary and clustered crystals 
raphides and clustered crystals, raphides and styloids, clustered crystals and 
crystal sand (the clustered crystals are sometimes even enclosed in the cells 
that contain the crystal sand). In these cases the various forms of crystals 
are found either m the same or in different tissues, or even in different o^ns 
the plant. In other species or genera, or even orders, however, only one 
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Moao- and Tri-hydrate Oxalate 
Occurrence 

Ca&o''Hn cl'emical forms, the monohydrate 

d£S crvsS T ''^T’ C»C.0..3H.0. Each one of these has a 
oilterent crystal structure, the monohydrate belongins to the monocUmV 

£ Ton 'k' ‘rfMrate ,0 the LfagTl sTm In 

lenrth ThTerfT 'T '■■>'"‘kl<>lt'-aph;c axes unequal in 

tio£ e;,T toT ° T'w 'ka «» other intertKc- 

^1.1 ^ tetragonal system has three axes at rif>-ht ano'Ies to 

Ter orTTef ' Th" 'kk" (TTS Si's 

paoera^d th, T described previously in this 

paper and tabulated m table 2 may therefore be reclassified according- to the 

mon<mh„.e and tetragonal systems. Ordinary crystals, ciusterTcrtlsTs 
pheruhtes raphide bundles, styloids, and crystal sand may belong to dthei 
the monochmc or the tetragonal systems. ® 

monohydrate is monoclinic Four 

a d TpriT' TTT "T"' ‘T ‘"-o PiPacT 

wo prisms. These four forms combine to produce two different tvn.Vthl 

combinations. One of the forms of the monocliL crystS clpHses a com 

crystir Thl ^ pmacoid to form the well known isodiametrical 

crystal. This crystal when remote from its ideal form is like a rhomb S 

general appearance are squares. Only threTaTfor„sTaveT°" a 
up to the present time- thev ar. 1 /^rms have been noticed 

prism. The most freouTt tT f f k‘Pyramid, the pyramid, and the 

TTes:£hTTprt:rif-~^^ 

Climatic Distribution 

temTaTrTfTTrrT tlTT T'“ "‘°°°kydrate forms a. 
osmotic pressure. It is absnh,rfs‘i f u? P^ssure or any 

of formation. He also found ouf that ^ the above range 

temperatures from 0° to about no® C ' ^ 7 ^™ oxalate trihydrate forms at 
to about 30 C. m solutions with high vapor pressure 
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(low osmotic pressure) and only when saturated with calcium oxalate. The 
trihydrate is metastable in the specified range of formation and has a ten- 
dency to change to the monohydrate. In solutions the permanence of the 
trihydrate is maintained by the presence of calcium ions and high viscosity, 
but diminished by and C2O4 ions. 

From the conditions required for formation, stability, and permanence 
of the two calcium oxalates it might be expected that the trihydrate might 
exist more readily in plants in temperate climates and the monohydrate be 
more abundant in tropical plants. 

Table 3 shows the climatic distribution of the various oxalate crystal 
types. The column headed ''rhombohedraF’ gives the distribution of the 
monohydrate and the heading ‘‘octahedral” gives the corresponding occur- 
rence of the trihydrate. From a consideration of these it is evident that the 
monohydrate is mainly tropical and the trihydrate well distributed in both 
tropical and temperate climates. These anatomical findings in vivo there- 
fore correspond to the chemical findings in vitro. 

In this connection it is interesting to note that calcium oxalate mono- 
hydrate occurs in small colorless monoclinic crystals as the mineral “ whewel- 
lite” in coal. This might indicate a tropical climate existing at the time of 
coal formation. 

Mutual Distribution of Oxalate and Cyanogen 

Cyanogen is known to occur in plants as free hydrogen cyanide and com- 
bined in cyanogenetic glucosides. The 39 families found to contain cyano- 
genetic glucosides (McNair, 1932) are listed in table 2. Of these families 
only I (vScheuzeriaceae), or 2.56 percent, does not produce oxalate. 


Conclusions 

The knowledge that cyanogen may be changed chemically to oxalic acid 
and that oxalic acid may be changed into cyanogen coupled with the fact that 
97.44 percent of the cyanogenetic glucoside plant families also produce oxalic 
add lends credence to the possibility of transformation of cyanogen to oxalic 
acid in plants. 

The fact that calcium oxalate is capable of re-entering the metabolism of 
the plant and that clustered crystals often occur alone in the primary cortex 
in early stages, while solitary crystals appear only subsequently, lends a 
degree of probability to the hypothesis of a change of oxalic acid to cyanogen 
in the plant, for calcium oxalate is practically insoluble in water (one hundred 
parts of water dissolve 0.000554 gm. at 18° C. and 0.0014 gm. at 95° C.). 
However, as cyanogenetic glucosides have been located in only 39 out of a 
total of 218 oxalate families, or 17.89 percent, it seems quite likely that oxalic 
acid may be formed in plants from some other substances than cyanogen un- 
less in these instances all the available cyanogen is used up in the reaction. 
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Summary 

Essential oils, resins, and calcium oxalate all 
tiopical families as temperate. 


occur in twice as many 


Essential Oils and Resins 

Essential oils are found in 87, or 29 percent, of the 295 families of higher 
plants listed by Engler and Gilg. Of the essential oil famflies 44 percenS^e 
pea , 19 percent are temperate, and 27 percent, widely distributed 
fK. appreciable amounts in 26 families, or 9 percent of 

the higher plant families. Of the resin families 50 percent are tropS 
per^nt are temperate, and 23 percent are widely distributed. ’ ^ 

the essential oil families, 28 percent have resin in appreciable quantitv 
wble ,00 percent of the resin families possess essential oSs 

resin f:mi;L^f.“ 

anafomt^sSll"' -- 

Essential oils contain substances which form resins either by condensa 
tion, polymerization, or both. ^ conaensa- 

functions of essential oils may be those of solvents for 
ansportmg agents for, and mother substances of, resins. As essential oil’ 
and ream fam.hes occur both in ,h, tropics and temperate aonj tjy rouid 


Cyanogen and Oxalate 

y nogen be dissolved in hydrochloric acid, ammonium oxLte is formed 

Oxalate of lime is deposited in plants in 8 different crvstil tvnA= mi 
percentage distribution of these in nlant fond p! 
combinations of mixed crystals t-hpf- ^ given. The various 

Pale- crystals that occur m plants are likewise given 

CaC O chemical forms, the monohydrate 

t.-aG2U4-H20andthetrihvdrateCar„O -jH n mi ^ 'uononyarate 

clinic and the trihydrate Is S^onT ' "““hydrate is mono- 


M 
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exist more readily in plants in temperate climates and the monohydrate 
be more abundant in tropical plants. The findings in plants correspond to 
the findings in the chemical laboratory in this respect. 

The presence of the monohydrate in coal might indicate a tropical climate 
existing at the time of coal formation. 

Cyanogenetic glucosides have been discovered in 39 families. Of these 
families only i, or 2.5 percent, does not produce oxalate. 

Oxalate of lime is practically insoluble in water and yet re-enters the 
metabolism of the plant. Consequently some chemical change may occur, 
perhaps transformation into cyanogen. 

Cyanogenetic glucosides have been located in only 39 out of a total of 
218 oxalate families, or 18 percent. It seems likely, therefore, that oxalic 
acid may be formed in plants from some other substance than cyanogen un- 
less in these instances all the available cyanogen is used up in the reaction. 
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INHERITANCE OF RESISTANCE TO LOOSE AND COVERED 
SMUT IN HYBRIDS OF HULL-LESS WITH EARLY 
GOTHLAND AND MONARCH OATS i 

George M. Reed 

(Received for publication January 6 , 1932) 

I have recently published two papers describing some of my results on 
the investigation of smut resistance in certain oat hybrids. One of these 
(17) dealt with hybrids of Early Gothland and Monarch and the other (18) 
recorded the results obtained with a hybrid between Early Gothland and 
Victor. The data secured with the Missouri races of both loose {Ustilago 
Ave^iae (Pers.) Jens.) and covered {U, levis (K, & S.) Magn.) smuts were 
included. The Early Gothland variety is characterized by its high suscept- 
ibility to the loose smut and a corresponding resistance to the covered. 
Monarch is exactly the reverse in its behavior, being extremely susceptible 
to the covered smut and resistant to the loose. The Victor oat differs from 
both of these in being completely susceptible to loose and covered smut. 

The present paper is concerned with the results obtained with hybrids 
between Early Gothland and Hull-less and Monarch and Hull-less. Hull- 
less is an oat variety which is very susceptible to the Missouri races of both 
loose and covered smut. It has been used in a great many different types of 
experiments and high percentages of infection have usually been obtained 
(8, 9, II, 15, 20). In connection with the hybrids grown in the present series, 
as recorded in table i, there were 237 plants of Hull-less inoculated with the 
loose smut and 206 (86.9 percent) were infected. In the series with covered 
smut 185 plants were inoculated and 148 (80 percent) were infected. In 
some of the individual experiments this variety has given 100 percent infec- 
tion; in other experiments, however, one or more plants have failed to be 
smutted. It is interesting to note that Hull-less has, on the average, given 
lower percentages of infection than Victor, Canadian, and some other oat 
varieties. However, it is certainly to be classified as a very susceptible oat. 

Along with the hybrids, the two varieties, Early Gothland and Monarch, 
were also grown for direct comparison. As recorded in table i, Early Goth- 
land gave 100 percent infection with the loose smut, 62 plants being inocu- 
lated. At the same time, it was comparatively free from infection with the 
covered smut, only 3 plants out of a total of 147 (2 percent) being recorded as 
infected. The Monarch variety was also inoculated with the loose smut, but 
only 2 plants out of a total of 208 (0.9 percent) were infected. With the 

^ Brooklyn Botanic Garden Contributions no. 64. Published at the expense of the 
Brooklyn Botanic Garden, out of the order determined by the date of receipt of the manu- 
script. 
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teinetocTated 78 plants 

r.^ ' -- s?n,r;a‘r " 

or hulls of the grr„"ll;‘T^,! G„°,M "aT “ “'a”'” 

«Th:^t“thr.r;;.:::s aE" 

upikele. of the in de iai'seira?^ ’’ ’" E^'h 

The thachillas o? the sp.tr.s"hX.aTeTsiilr.h:” ‘° "™' 
grains are borne well above the empty glumes uppermost 

the ^ *'■0 fo-uance of 

spikeletsiere ntany floweid tti '’“T' 

two to five. The emotv ^ produced being from 

the Hull-less parent Ld fh ^ ’emmas were quite similar to those of 

the tonels Mog held more or less securely aSithiglumS. “ 

Most of the spikekts w^e'^manJ-fllwTre^^^ Hull-less parent, 

from the glumes. There were a few =ry-F i ’<• • ^ ^ easily separated 

the palea .as dark colored, a character inhiitei fr’om fcMot^h irem! 

of Inoculation 

.;«n ' TiCinirzitd :!:S“s: 

clearly demonstrated by several investio-ai n things. It has been 
Reed and Paris (19), sLpson p Bartholomew and Jones (i), 

man, Tapke, Wiebe.' rriST' 

vironal factors play a very important np, L ^ Nicolaisen (7), that en- 
ceptible oats with either loose or covered smut ^ successful infection of sus- 

readily fail to be infected with a virulent smut solel^''^'^^^ ^ 

environal conditions. Our extensive .n T ^ account of adverse 
following conditions are important: ’^®®Bgations have shown that the 
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1. The substratum. Sand has proved an ideal substratum for the ger- 
mination of the oat seedlings. It is easily cleaned, graded, and later sepa- 
rated from the young plants. Further, a very high percentage of infection 
of susceptible varieties may be obtained in this substratum. 

2. The moisture content of the substratum must be controlled, a matter 
which is easily done with sand. We have found that a low moisture content 
is most effective for successful infection, although the range is comparatively 
wide. The best and surest results are secured when the sand moisture is 
approximately 20 percent of its water-holding capacity. 

3. The temperature of the substratum at which the seed is germinated 
is also an important factor. While there is a rather wide range of tempera- 
ture for infection, in general the best results are secured if the seed is ger- 
minated at approximately 20° C. 

4. Removal of the hulls. In all of my investigations on the inheritance 
of smut resistance and also those on physiologic specialization, the hulls 
have been removed from the caryopsis. This method was originally 
adopted in the case of the hybrids of Hull-less X Black Mesdag, since some 
of the F2 plants were characteristically hulled types, while others were hull- 
less. The hulls from the former were removed in order to give the different 
progenies a uniform chance, so far at least, as hulls were concerned. In many 
of my experiments the presence or absence of the hulls apparently made no 
appreciable difference in the percentage of infection. In other experiments, 
however, the presence of the hulls has reduced somewhat the number of in- 
fected plants. They are to be regarded as one more factor in environal 
conditions which can easily be controlled. 

Germinating the inoculated seed under these controlled conditions, of 
course, has involved the necessity of transplanting the young seedlings. 
This can be done quite successfully in five to seven days after the seed is 
placed in the germinator. The seedlings are easily handled and, if ordinary 
care is used, there is no appreciable loss. Following the germination of the 
seedlings, there is no apparent difference in the percentage of smutted plants 
depending upon whether they are grown to maturity in the greenhouse or 
in the field. The results of our experiments certainly justify such careful 
attention to methods, since sowing the seed in the open under varied field 
conditions has not given particularly impressive results. 

In all the studies herein reported the Missouri races of both Ustilago 
Avenae and U. levis have been used for inoculating the parents and hybrids. 
The parental varieties are also definite strains which I have grown in my 
various investigations, their seed numbers being recorded in table i. 

Hybrids of Early Gothland and Hull-less 

I have previously described some of the results secured with Hybrids 19 
and 20, Early Gothland X Flull-less (12, 13, 14, 16). The first set of second 
generation plants was grown in the greenhouse in 1927. There were three 


AMERICAN JOURNAL OF BOTANY r\r 

LVOl. ip, 

senes of these Fs plants, one being inoculated with Ustilai^o Avenae a second 

AdItira?Fl:^^ ^ u;inoculat;d Z? 

aditional Fj plants were grown to maturity in the field in tq^S k • 
inoculated with loose smut and others wiJthe covered smut " 

Data Obtained with the F, Generation 

m table r The data .nd.cate dearly that both parent, are eMremety 

r. . . „« ^ c„,„ E^riy CcUanl imu„, 

and between Monarch and Hull-less 


Hybrid 19 Early Gothland X Hull-less. 
Hybrid 20 Early Gothland X Hull-less. 


Total, Hybrids 19 , 20 

Hybrid 24 Monarch X Hull-less. 

Hybrid 25 Hull-less X Monarch. . 

Hybrid 26 Hull-less X Monarch. . 

Hybrid 27 Hull-less X Monarch. 


Total, Hybrids 24—27 . 
HuII-less ( 30 )* . . , . . . 

Early Gothland (152) 

Monarch (161) 



Inoculated with 
Ustilago Avenae 

Inoculated with 
Ustilago levis 

Datf 

Grow 

No. 
n Plant 

Nc 
s Inf 

Per- 

cent 

Inf. 

No. 

Plant 

No 
s Inf 

Per- 

cent 

Inf. 

• 1927 

1928 

24 

15 

2 ; 

I. 

91 . f 
93-: 

^ 49 

55 

Ic^ 

31 

36.7 

56-3 


39 

3<^ 

92 .. 3 

104 

49 

47.1 

1927 

1928 

22 

29 

21 

28 

95.4 

96-5 

45 

42 

19 

20 

42.2 

1 47.6 


51 

49 

j 96-0 

_ 87 

39 

44-8 


90 

85 

j 94-4 

19 T 

88 

46.0 

1927 

1928 

49 

53 

12 

22 

24.4 

41.5 

25 

12 

22 

12 

88.0 

100.0 


102 

34 

33-3 

37 

34 

91. 8 

1927 

I 92 S 

50 

55 

II 

24 

22.0 

43-6 

27 

13 

27 

13 

100.0 

100.0 


105 j 

35 

33-3 

40 

40 

100.0 

1927 

1928 

48 

54 

7 

21 

14.5 

38.8 

23 

II 

22 

"1 

95.6 

100.0 


102 

28 

27.4 

34 

- - - 

33 

97-0 

1927 

1928 

49 

57 

II 

22 

22.4 

38.5 

25 

12 

24 

12 

96.0 

100.0 


106 

33 

3I-I 

37 

36 

97.2 


415 

130 

31-3 

148 

^43 ~ 

*9^ 


237 ^ 

206 

86.9 

185 1 

[48 

80.0 


62 

62 I 

00.0 

147 

3 

2.0 

1 ^ 

208 

2 

0.9 

78 

78 j I 

00.0 


Ziuh "7'"-" 

e plants .n 19.7 were grown in the greenhouse and those for 1928 


in the field. 
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susceptible to the loose smut. In 1927 there were inoculated 24 F2 plants 
of Hybrid 19, of which 22 (91.6 percent) were infected; at the same time, 22 
F2 plants of Hybrid 20 were inoculated and 21 (95.4 percent) were infected. 
The additional inoculated plants of both hybrids grown in 1928 gave corre- 
sponding high percentages of infection. Altogether, there were 90 F2 plants 
of the two hybrids inoculated with the loose smut and 85 (94.4 percent) 
were infected. The results indicate very clearly that the second generation 
of these hybrids is susceptible like the parents. The 5 plants which failed 
to become infected may be regarded as casual escapes. 

Results with Ustilago levis. The first data with this smut were also ob- 
tained in 1927. There were inoculated 49 plants of Hybrid 19, of which 18 
(36.7 percent) were infected; 45 plants of Hybrid 20 were inoculated and 19 
(42.2 percent) were infected. Additional inoculated plants of both hybrids 
were grown to maturity in the held in 1928 and with both hybrids somewhat 
higher percentages of infection w^ere secured as compared with the previous 
year. There were 55 plants of Hybrid 19 inoculated, of which 31 (56.3 per- 
cent) were infected, and of Hybrid 20 there were 42 plants of which 20 (47.6 
percent) were infected. Altogether, of the two hybrids there were grown 
1 91 F2 plants inoculated with the covered smut and 88 (46 percent) were 
smutted. 

These results are interesting on account of the relatively large number of 
infected second generation plants. In all of the crosses which I have pre- 
viously reported, the percentage of infected F2 plants approximated 25 
percent of the total, in practically every case, however, falling below^ that 


percentage. With these two hybrids between Early Gothland and Hull-less, 
however, there is a close approach to 50 percent infection among the F2 
plants. 

Data Obtained with the E3 Generation 

In addition to the second generation plants inoculated with loose and 
covered smut, a number of uninoculated F2 plants were also grown. Ac- 
cordingly, there were available for the study of smut resistance in the third 
generation three classes of progenies: (i) descended from the uninoculated 
second generation plants; (2) descended from F2 plants which had been 
inoculated with Ustilago levis and survived; and (3) descended from F2 
plants which had been inoculated with U. Avenae and survived. In tabulat- 
ing the results obtained with these progenies, they are separated into three 
groups on the basis of the amount of infection obtained: (i) resistant, 
progenies in wdiich no infected plants were observed ; (2) segregating, progen- 
ies in w^hich the percentage of infection was less than 50 percent; and (3) 
susceptible, progenies in which the percentage of infection exceeded 50 
percent. 

Results with Ustilago Avenae. In view of the high susceptibility of the 
second generation plants to the loose smut, relatively few third generation 
progenies were inoculated with it, the data being recorded in table 2. There 
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Table 2. Jiesulis with the F, Progenies of Hybrids /p, 20, Early Gothland X Hvll-less 
InoculatpA’ipM n.tJilrrrrr. A ^ less, 


Hybrid and Progeny Number 

Total 

No. 

Progenies 

Total 

No. 

i Plants 

No. 

Inf. 

Percent 

Inf. 

Descended from uninoculated Fj plants 


Hybrid 19-Fg-i, 3, s, 7,8,9, 10, II, 12, 13, I. 16 

Hybnd 20-Fg-i, 2, 3, 4, 5, 7, II, 12: 13,’ 4; 4: It : : 

12 

12 

229 

226 

229 

226 

100.0 

100.0 

24 

455 

455 

100.0 

Descended from F, plants inoculated with Usti!a?o levis 



Hybrid 19-F3- loi, 102, 103, 105, 107, 109, 112, 116, 120 

„ , . , „ 123, 125, 127 

Hybrid 20-F3- loi, 102, 103, 109, no, 112, 114, 117 no’ 
122, 124, 126 ' 

.12 

12 

235 

225 

235 

222 

100.0 

9S.6 

24 

460 

457 

99-3 

Descended from Fj plants inoculated with Ustilago Avenae 

— 

Hybrid 19-Fs- 51, 52, 53 





Hybrid 20-F3- 51. 

3 

40 

39 

97-5 


1 

13 

II 

%.6 


4 

53 

50 

94 ri 3 


from th; 

uals, every one of which wL infected ¥herT”''' 
of each hybrid descendedlom tS P n, g™wn 12 progenies 

covered smut; thercotaiX^p^ : with 

infected. As noted above . serin ^ ^ere 

with the loose smut, and p;ogenies fromToVthese wre^oirfn Ae fof “ 

the^rprolSef^; 

dence, then, is quite cleJ that ^e P ^he evi- 

caped infection with the loose smut ' ^ Progenies merely es- 

pro.^“ »' .he .hied ,e„er«i„„ 

doselp .0 .h„e oh.aii:^;ti.'h .f.' jrd 1“^“^ 

Results with Ushlago levis. In view of rtir • <- ^ • ^'t 

inoculated second generation plants to the rr behavior of the 

third generation progenies were incculated withT'^ ’n*' “ 
of the two hybrid, descended from uninocufeted 7" f progenies 

whtch are recorded in table 3 and summariaedt mbie s Th' 
tanged on the basis 0, their behavior-resistant, segregating, 0"^;™: 
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Table 3. Results with the Fz Progenies of Hybrids ig, 20, Early Gothland X IHdFless, 
Descended from Uninoculated F2 Plants. All Progenies Inoculated with 
Ustilago levis 


Hybrid No. 

No. 

Plants 

No. 

Inf. 

Percent 

Inf. 

Hybrid No. 

No. 

Plants 

No. 

Inf, 

Percent 

Inf. 


Resistant F3 families 


ig-Fs- 3 

44 . 

0 

0 

20-F3- 13 

42 

0 

18 

25 ' 

0 

0 




19 

24 

0 

0 





Segregating F3 families 


19-F3- 5 

39 

9 

23.0 

19-F3- 15 

42 

7 

16.6 

7 

44 

8 

18.I 

17 

25 

6 

24.0 

9 

41 

20 

48.7 

20 

22 * 

S 

22 7 

n 

43 

17 

39-5 

21. 

25 i 

8 

32.0 

12 

43 

12 

27.9 





20-F :r I 

33 

12 

36-3 

20-F3- 14 

42 

I 

2.3 

4 

36 

H 

38.8 

16 

42 

13 

30.9 

8 

22 

4 

18.1 

19 

20 

I 

s.o 

12 

39 

16 

41.0 

21 

23 

8 

34-7 


19- Fr I 

2 

4 
6 
8 

10 

20- F3- 2 

3 

5 

6 

7 

9 

10 


Susceptible F3 families 


44 

i 43 

97-7 

19-Fr 13 

41 

37 

90.2 

22 

22 

100.0 

14 

23 

13 

56.5 

24 

16 

66.6 

16 

42 

38 

90.4 

21 

16 

76.1 

22 

24 

20 

83-3 

41 

32 

78.0 

23 - 

25 

25 

100.0 

19 

10 

56.2 

24 

25 

17 

68.0 

44 

31 

70.4 

20-F3- II 

43 

40 

93*0 

42 

38 

90.4 

15 

39 

36 

92.3 

37 

24 

64.8 

17 

20 

18 

90.0 

22 

22 

lOO.O 

20 

21 

20 

95.2 

39 

33 

84.6 

22 

25 

25 

100.0 

21 

14 

66.6 

23 

22 

20 

90.9 

20 

r 6 

80.0 






Of the 46 progenies, 3 belonging to Hybrid 19 and i to Hybrid 20 gave no 
infection, a total of 135 plants being grown. There were 17 progenies which 
were classified as segregating, the range of infection varying from 2.3 to 48.7 
percent. Of these progenies 9 belonged to Hybrid 19 and 8 to Hybrid 20. 
Altogether, they contained 581 plants of which 161 (27.7 percent) were in- 
fected, the percentages of infection obtained for the two hybrids correspond- 
ing quite closely. Finally, there were 25 families which were classified as 
susceptible. Thus, more than half of the total number of progenies grown 
belonged in this group. The lowest percentage of infection obtained was 
56.2 percent; 4 of the progenies gave 100 percent infection, and 9 additional 
ones gave percentages above 90 percent. There can be no question regard- 
ing the high degree of susceptibility of most of these families. 



Hybrid and Progeny Number 


Total 

No. 


Total 


Hybrid No. 


Percent 


No. 

Plants? 


Segregating Fg families 


Susceptible Fg families 


Progenies 

7 

Plants 

1 183 

Inf. 

0 

II 

309 

0 

1 

1 

492 

--j- 
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Table 5. Summary of Results %vith the Progenies of Hybrids ig, 20, Hull-less X Early 
Gothland, Inoculated with Ustilago levis 



Total No. 

Resistant 

Segregating 

Susceptible 

F2 plants not inoculated: 





Hybrid 19 

24 

3 

9 

12 

Hybrid 20 . . 

22 

I 

8 

13 


46 

4 

17 

25 

F2 plants inoculated with U, levis: 





Hybrid 19 

49 

7 

31 

II 

Flybrid 20 

43 

II 

25 

7 


92 

18 

56 

18 


From the group of second generation plants which had been inoculated 
with covered smut, 92 F3 progenies were grown, the data being recorded in 
table 4 and summarized in table 5. There were 18 families containing 492 
plants which were classified as resistant; 7 of these belonged to Hybrid 19 
and II to Hybrid 20. Not a single infected plant was observed in any of 
these 18 progenies. 

There were 56 progenies classified as segregating, the percentage of in- 
fection varying from 2.3 to 48 percent. Of these progenies, 31 belonged to 
Hybrid 19 and 25 to Hybrid 20. The 31 progenies of Hybrid 19 included 
884 plants, of which 258 (29.1 percent) were smutted. The 25 progenies of 
Hybrid 20 included 671 plants, of which 185 (27.5 percent) were infected. 
Thus there was no important difference in the behavior of the progenies 
belonging to the two hybrids. Altogether, the 56 progenies included 1555 
plants, of which 443 (28.4 percent) were infected. 

There were 18 progenies which were classified as susceptible, since the 
amount of infection was greater than 50 percent. In 3 of these, all of the 
plants were infected, but in 12 others the percentage varied between 50 and 
60 percent; the remaining 3 gave 66.6, 89.4, and 95.2 percent respectively. 
It is quite possible that the 12 families in which the amount of infection was 
little more than 50 percent really belonged in the segregating group. 

The most interesting feature with reference to these results is the extreme 
preponderance of segregating and susceptible progenies. There were rela- 
tively few families which contained no smutted individuals. It might be 
expected that the second generation plants inoculated with the covered smut 
would not survive if they were susceptible, and thus no completely suscept- 
ible progenies would be found in the next generation. Actually, we find not 
only a high percentage of infection of the second generation plants, but also 
a corresponding high percentage of susceptibility in the third generation. 
However, only 5 of the third generation progenies which had survived inocu- 
lation in the second generation gave approximately 100 percent of smutted 
plants. Many of the remaining ones showed barely more than 50 percent 
infection. 
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Data Obtained with the F4 Generation 

wLh dt?cLde*dT^ F3 progenies resistant to the covered 

from F, -Stecende^ 

e.nara.i„„ descendant 

the first group being represented and u of the secoS' “*' * 

seed was taken from 6 different th.Vri n- 1 second. With one exception, 

inoculated »i,h the covemd sm^t /CeC m„'urfh“''' ““ 

ernes of these resistant fu ; a ptnei, 88 fourth generation prog- 

results obtained are recorded in the form a suttartTn St 

Table 6. Summary of Results with Proeenie<: of v 

less, Descen ded from F. Progenies Resistai to UsmZ'l2 ' 



^4 generation, Inoculated with Ustilago levis 


Number of 
Progenies 

Number of 
Progenies 
Infected 

Number of 
Plants 

Number of 
^Plants 



. 

— - — 

Infected 

Hybrid ig-F,- 





18 

0 

I 

j 143 

T 

19 

0 

2 

142 

147 


Hybrid 20-F3-it^ 

0 

5 

3 

6 


0 

2 

144 

2 

^ with Ustilago 

24 

10 

576 

12 

Hybrid ig-Fs-iio... 





II8 

4 

/c: 

3 

8 v 5 

13S 

H3 

141 

141 


127 

0 

/r 

2 

4 

128 .. . 

0 

(r 

2 


I3I 

0 

/r 

2 

2 

Hybrid 20-F3-102 

0 

c. 

I 

2 

I 

ig6. . 

D 

f: 

2 

145 

139 

143 


112 . . . . 

0 

0 

2 

115 

0 

6 

0 

0 

0 

121 . . . . 

6 

0 

143 

0 

122 .. . 

6 

I 

144 

I 

- 


3 

143 

3 



64 

16 

1505 

17 


fourth generatio?^^oSe^ cSSntd 
total number of plants grown in all the smutted plants. The 

cent) were infected. ^ gomes was 2081 and 29 (1.3 per- 

the 4 second generation pStt" whiih 'haTTt'* from each of 

among the fourth generaL deietdana o?)^ Z I"”"'""'' "^“ofer, 
inoculated with covered smut, .smn+ro^ ^ ^ Pjants which had been 


smut, smutted plants were found in all 


except 3. 
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These 3 F3 progenies were represented by 18 fourth generation progenies 
descended from entirely resistant families in the third generation and these 
in turn came from inoculated but resistant F2 plants. 

The general results obtained with the hybrids of Early Gothland X Hull- 
less are interesting in view of the comparatively high percentage of second 
generation plants which were infected by the covered smut. We further 
find in the third generation a comparatively small number of pure resistant 
progenies. There was a great excess of progenies which gave 2.3-48.7 per- 
cent infection ; there was also a considerable number which gave more than 
50 percent infection. Finally, we have the further interesting situation in 
which infected plants show up in the fourth generation progenies, although 
both parental third and second generations had been resistant. 

Hybrids of Monarch and Hull-less 

The Fi plants of four crosses between these two varieties were grown in 
1926 and the first series of second generation plants in 1927. The F2 plants 
were divided into three sets, one of which was inoculated with the covered 
smut, another set with the loose smut, and a third set was grown to maturity 
without inoculation. Additional plants from each of the four hybrids were 
grown in 1928 in the field. Some of these were inoculated with the covered 
smut and others with the loose. Brief reports on some of the results with 
these hybrids have been published (12, 13, 14, 16). The data for all the F2 
plants are recorded in table i. 

Data Obtained with the Fo Generation 

Results with Ustilago levis. In 1927, 25 plants of Hybrid 24 were inocu- 
lated with the covered smut and 22 (88 percent) were infected; 27 plants of 
Hybrid 25 were inoculated and all of them were infected; 23 plants of 
Hybrid 26 were inoculated and 22 (95.6 percent) were infected; 25 plants of 
Hybrid 27 were inoculated and 24 (96 percent) were infected. A few addi- 
tional plants of each of the hybrids were inoculated with the covered smut 
in 1928 and in every case 100 percent infection was secured. Altogether, 
148 F2 plants belonging to the four hybrids were inoculated and 143 (96.6 
percent) were infected. Thus the second generation hybrids exhibited 
susceptibility to the covered smut corresponding to that of the two parental 
varieties, Monarch and Hull-less. 

Results with Ustilago Avenae, A great many second generation plants 
were inoculated with the loose smut. In 1927, 49 F2 plants of Hybrid 24 

were inoculated and 12 (24.4 percent) were infected; 50 plants of Hybrid 25 

were inoculated and ii (22 percent) were infected; 48 plants of Hybrid 26 

were inoculated and 7 (14.5 percent) were infected; 49 plants of Hybrid 27 

were inoculated and ii (22.4 percent) were infected. The percentage of 
infection in the different hybrids varied from 14.5 to 24.4 percent. In 1928 
approximately the same number of plants of each of these hybrids were 
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Table 7. Results with the Fs Progenies of Hybrids 24 to 27, between Monarch and Hull-less, 

Inoculated with Ustilago levis 


Hybrid and Progeny Number 


Hybrid 24-F3-1, 2, 3, 4, 6, 8, 9, 10, 12, 14, 15, 20 

Hybrid 25-Fa-i, 3, 8, 10, 13, 14, 15, 18, 21, 22, 23, 25. 

Hybrid 26-Fa-i, 2, 6, 7, 8, 9, 10, 15, 16, 17, 19, 21 

Hybrid 27-F3-1, 2, 3, 4, 6, 7, 9, 10, n, 14, 18, 19 


Hybrid 24-F3-101, 102, 103, 105, 106, iix, 112, 116, 119, 

126, 127, 13 1 

Hybrid 25-Frri02, 106, 109, no, 112, 114, 122, 123, 125, 

127, 129, 135 . 

IrIybrid26-F3-io6, 114, 116, 120, 121, 125, 126, 127, 137, 

138, 139, 141 " 

Hybrid 27-F;rioi, 105, 106, 107, in, 115, 116, 119, 120, 
121, 128, 129 ' 


Hybrid 24-F3-52, 53- 
Hybrid 26-Fr5i • • . . 
I-iybrid 27-F;r5i . . . . 


Total 

Total 



No. 

No. 

No. 

Percent 

Progenies 

Plants 

Inf. 

Inf. 

F2 plants 

12 

221 

213 

96.3 

12 

222 

218 

98.1 

12 

209 

204 

97.6 

12 

202 

197 

97-5 

48 

854 

832 

97.4 

th Ustilago Avenae 

12 

1 220 

216 

98.1 

12 

217 

2 II 

97.2 

12 

217 

2 II 

97.2 

12 

190 

188 

98.9 

48 

844 

826 

97.8 

'ith Ustilago levis 

2 

24 

23 

95-8 

I 

14 

13 

92.8 

I 

13 

II 

84.6 

4 i 

51 

47 

92. 1 


smut on various third generation progenies. The data on these progenies 
are recorded in tables 8 and 9 and summarized in table 10. Results were 
obtained with two groups of third generation progenies: (i) those descended 
from uninoculated F2 plants and (2) those descended from F2 plants which 
had been inoculated with loose smut. In the tables, the families are grouped 
on the basis of their behavior— whether resistant, segregating, or susceptible. 

I. Results obtained with F3 progenies descended from uninoculated F2 
plants. The data for these progenies are recorded in table 8. There were 
90 progenies grown, nearly equally distributed among the four hybrids. 
Summarized in table 10, these 90 third generation progenies were classified 
into three groups. There were 9 resistant progenies, 3 belonging to each of 
the Hybrids 24, 25, and 26; in none of these were any infected plants ob- 
served. There were 51 progenies classified as segregating, the percentage of 
infection varying from 4 to 48.2 percent. Finally, there were 30 progenies 
in which more than half of the inoculated plants were infected; only one of 
these progenies, however, gave 100 percent infection, 33 plants being grown. 
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Hybrid No. 


24-F3- 16. 
21 . 
23. 


No. Percent 

Inf. Inf. 


Hybrid No. 


Resistant F3 families 


o 27-F3- 5. 
o 12 . 

o 15 


No. No. Percent 

Hants Inf. Inf, 


Segregating Fj families 


Susceptible Fj families 



Table 9. ResuUs with the F, Progenies of Hybrids 24 to 27, between Monarch and Hull-less, 
Descended from F^ Plants winch had been Inoculated with JJstilago A venae. 

All Progenies Inoculated with Ustilago Avenae 
Resistant F3 families 


Hybrid and Progeny Number 


Hybrid 24-F,,- 106, 109, 113, 115, 128, 134, 136, 141, 143 
150, 152, 158, 161, 162, 163 b . .. . 

Hybrid 25 -F,r 105, 107, no, III, 123, 126, 120 134 ny 
147, 148, 155, 156, 163, 165 . 

Hybrid 26-Fs- loi, 107, 114, 117, 118, 128, 134, 140, 146 
159, 165, 167, 168, 169 ........ 

Hybrid 27-F3- 103, no, 114, 122, 124, 127, 145, 151, 157, 


Total Total ,, 

No. No. Percent 

Progenies Plants 


54 1280 


24 -F;r loi . 
102 . 


No. 

Plants 

No. 

Inf. 

Percent 

Inf. 


Segregating 

37 

10 

27.0 

32 

2 

6.2 

30 

9 

30.0 

25 

5 

20.0 

35 

7 

20.0 

24 

8 

33-3 

23 

II 

47.8 

31 

4 

12.9 

30 

3 

10. 0 

24 

5 

20.8 

35 

9 

25.7 

20 

2 

lO.O 

25 

9 

36.0 

38 

II 

28.9 

24 

7 

29.1 

22 

8 

36-3 

23 

3 

13.0 

22 

4 

I8.I 

41 

10 

24-3 

39 

3 

7.6 

24 

7 

29.1 

38 

9 

23.6 

24 

3 

12.5 

23 

4 

17-3 

20 

2 

10. 0 

22 

4 

18. 1 

24 

5 

20.8 

25 

I 

4.0 

22 

5 

22.7 

24 

I 

4.1 

24 

I 

4.1 

23 

10 

434 

23 

9 

39-1 

22 

4 

18.1 

22 

3 

13-5 

25 

7 

28.0 

22 

8 

36.3 

25 

I 

4.0 

22 

4 

18. 1 

25 

10 

40.0 

24 

5 

20.8 

22 

8 

36.3 


No. 

Plants 

1 1 

No. 

Inf. 


23 

2 

. 42 

9 

22 

6 

• 35 

7 

. 24 

4 

22 

2 

40 

10 

24 

8 

23 

4 

22 

2 

22 

7 

22 

6 

22 

I 

22 

8 

39 

II 

36 

14 

25 

5 

25 

10 

22 

7 

23 

9 

29 

8 

24 

7 

24 

,ii 

21 

I 

22 

I 

22 

5 

25 

2 

24 

3 

22 

8 

23 

7 ; 

24 

I 

23 

I 

22 

10 , 

25 

6 ; 

23 

2 

20 

4 ; 

25 

4 ^ 

22 

I 

25 

2 

20 

8 z 

22 

3 1 

24 

I 

25 
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'■ 

Total No. 

Resistant 

Segregating 

Susceptible 

F2 plants not inoculated: 

Hybrid 24 . , . 

24 





Hybrid 2=^ . . . . 

3 

13 

8 

Hybrid 26 

24 

3 

15 

6 

Hybrid 27 

19 

23 

0 

II 

8 


3 

12 

8 

Fa plants inoculated with U. Avenue: 
Hybrid 24 

90 

9 

51 

1 

30 

Hybrid 2^ 


15 

42 

6 

Hybrid 26 ..... . 

07 

15 

43 

9 

FI ybrid 27 


14 

51 

2 


04 

10 

45 

9 

.. 

261 

54 

181 

26 


Ztr, ? ; ■« of the progenies which gave 

percentages of infection varying between 50 and 75 percent. 

Two distinct features stand out in these results with the third generation 
One IS the comparatively small number of pure resistant third generation 
progenies, only 9 out of a total of 90 being in this group. A second feature 
is the comparatively low percentages of infection obtained with the so-called 

susceptible families. Relatively few of them gave infections at all approach- 

ing 100 percent. 

2. Progenies descended from Fa plants inoculated with loose smut 
The data are recorded in detail in table 9 and summarized in table lo’ 
More than 60 progenies of each of the four hybrids belonging to this group 
veie mocu ated, altogether 261 being grown. There were 54 of these 
progenies classified as resistant, entirely negative results having been se- 
cured; these included 1280 plants. There were 181 progenies classified as 
segregating, the percentage of infection varying from 4 to 48.6 percent- 
these were somewhat equally distributed among the four hybrids. There 
were 42 segregating progenies of Hybrid 24; these included 1105 plants of 
which 241 (21.8 percent) were infected. Hybrid 25 contained 43 segregating 
piogenies which included 1071 plants, 229 (21.3 percent) being infected. 

ybrid 26 included 51 segregating progenies containing 1209 plants of 
which 255 (21 percent) were infected. Finally, Hybrid 27 included’ 43 
segregating progenies, which contained 1106 plants, 297 (26.8 percent) being 
infected. Altogether, the i8i progenies included 4491 plants, of which 1022 
{,22.7 percent) were infected. 

_ The remaining 26 progenies were classified as susceptible, since more 
than 50 percent of smutted plants were obtained. An examination of the 
details of table 9, however, reveals the interesting fact that 15 of these 
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progenies gave between 50 and 60 percent infertinn n 1 

While 26 progenies were classTfied Progen es m the segregating group. 

manyof thenfactual7y be£^^^^ that 

of infection was barely reteTh^Vo t 

Data Obtained with the F, Generation 
these 77 brTdr™'e 7 i 1 n 7 SLt^^ "9' T^d^ xo' tr'^ of 

the remaining 54 from F2 plants which^h Tk generation plants and 

smut. DescendanLTf manv of been inoculated with the loose 

grown in the fourth generation and fn th progenies have been 

sidered on the basis of the treatmen/S S: S 

sss r„" .‘ihS.r 

progenies, and 34 of these contain.^*^""^* the 8 third generation 

number of indiridual Dlantsom ^ smutted plants. The total 

smutted. The higtefiS'e^r" 7 “, 5 ^ -ere 

tion progeny wit 8 i" -r fourth giem. 

fourt i" •'■« 

consistent record of smut resistance inte thi7 from smut, having a 

0 - The R plant inmiulated wi h loot sit “t '''«^*f.'■■«»ns. 
and 10, there were 54 third generarloo „ ‘■'“rded in tables 9 

inoculated with the loose smut which escended from Fa plants 

fourth generation dLcTndanTs''of 2 ^'^^^ The 

nearly every case there were 6 families were grown and in 

Altogether, there were 136 fourth P-en^ " f T3 progeny, 

tained one or more smutted plants Tht T f these con- 

-as 3069. of which 150 (4.8 percent) w ”7 nted'"' 

mfection was usually quite low the hiehe^f nh, ^ ^ Percentage of 

interesting to note that a larger numLr nf ^ It is 

the progenies of Hybrids 24 and ^7 ^ infected individuals occurred in 
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Table ii. Summary of Results ^th F, Progenies of Hybrids 24-^7, Monarch and Hull-less 
^escended from Progenies Resistant to Ustilago Avenae 


K4 generation, Inoculated with Ustilago Avenae 



Number of 
Progenies 

Number of 
Progenies 
Infected 

Number of 
Plants 

Number of 
Plants 
Infected 

fn not inoculated; Fa inoculated with 
Ustilago Ave 7 iae: 

Hybrid 24-Fa- 16 



136 


21 


3 

4 

23 

f. 

5 

148 

8 

Hybrid 25-F3- 4 

5 

0 

126 

0 

II 

5 

2 

137 

6 

24 

f. 

4 

I4I 

13 

Hybrid 27-Fa- 5 

f. 

5 

136 

13 

12 

6 

0 

126 

0 



5 

II3 

8 

F2 and Fa inoculated with Ustilago 
A venae: 

Hybrid 24-F3- 106 

48 

5 

24 

1063 

52 

109 

6 

6 


140 

12 

113 

3 

129 

13 

1 15 

6 

0 

I4I 

0 

Hybrid 25-F3- 105 

5 

5 

143 

! 13 

107 

5 

2 

I4I 

2 

no 

6 

2 

139 

2 

Ill 

5 

0 

138 

0 

123 


4 

136 

5 

Hybrid 26-F3- loi . . . 

6 

I 

134 

I 

107 

6 

I 

ZC 

137 

I 

1 14 

6 

0 

134 

7 

117 

6 

0 

I4I 

0 

118 

5 

4 

I3I 

5 

128 

6 

0 

144 

0 

134 


3 

126 

3 

140 

4 

6 

5 

I 

90 

2 

Hybrid 27-F3- 103 

4 

zr 

138 

5 

no 

5 

0 

r 

144 

40 

114 

6 

6 

6 

D 

136 

18 

122 

I 

II3 

I 

124 

4 

139 

15 

127 

6 

2 

2 

135 

120 

3 

2 


136 

62 

3069 

150 


Only 4 of the 23 Fa plants showed complete resistance in both the third 
and fourth generations. One of these was found in Hybrid 24, one in 
Hybrid 25, and two in Hybrid 26, Hybrid 27 not being represented. 

Discussion 

_ During the past ten years a number of contributions on the inheritance 
of smut resistance in oats have been made. Wakabayashi (26), in 1921, 
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- - P-g-ies, tt 

tirely resistant The most sLceodbirF ’ progenies were en- 

EHipHSlsI 

of c«r„l?;;Lr • nf “ s^r,‘“r f *“ ™“‘ 

resistant varieties— Fulghum and Black MeV ° ^ between two very 

'"“d “ ‘"'■“‘““‘'of' 

cross, upon two factors and, in tte third,‘uS“ f' ’" 

crossjpi^^^^^^^^^^^ Of a 

data on the comparative behavior of percent infection. No 

preted his results wTth these thTd J ^nter- 

factor difference between the parentr^ De^" basis of one 

enies were grown in later generations and dSS"** 

strains were obtained. ^ definitely resistant and susceptible 

of 92 thtd^TetZtfamiU^^ behavior 

Select. TheLwerebocSeTwl^^^^^^^^^ 

IS very susceptible, and Fulghum highly reSta^''^ A° "vi S elect 
ibihty of the families was noted- 2s fam;r 1 ' suscept- 

to that of the Fulghum parent, giving le^ thanToe "" "o^^Parable 

these gave entirely negative resuitq- 7-2 f -i* ^ infection, and 12 of 

tion; 22 families 20 to 40 plrc^^^^^^^^^ ^ infec- 

than 40 percent. It 4 s also foi^^d that ^14 ^^^"ter 

susceptible F^ families proved to be hi^hW ^ ^ generation selections from 

from resistant F» families in general tLed ®^‘«ctions 

were also grown in the fifth generation Th ^ few selections 

mined that the fourth and fifth a-eneraf-' ' ^ cresting fact was deter- 

fashion to both loose and covered smut!°"" behave in a similar 
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In 1925, I described my experiments with a hybrid of Hull-less X Black 
Mesdag inoculated with loose smut (10). Black Mesdag is co^fetelJ 
resistant o the loose smut, while Hull-less has shown a high degree of 
susceptibility. In the F2 generation, 82 plants were inoculated and 21 6 

percent) were infected. Two groups of third generation progenie wei-e 
grown, one descended from the resistant plants, and the othe? descended 
from unmoculated F^ plants. Of the first group there were 42 F3 progentet 

TheTe were'^.st ^-^s^tant, 30 segregating, and none suLptible. 

There were 58 progenies of the second group grown and 18 were resistant 

28 segregating, and 12 susceptible. A few progenies were also grown £ the 
4 genei ation. A1 of the facts obtained were in close harmony with the view 
that resjtance to the loose smut in this hybrid was dominant and segregation 
occurred on the basis of a three to one ratio. egation 

^ ‘drosses beuveen 

Black Tartarian, Abundance, and Large Hull-less, varieties highly suscept- 
ible to covered smut, combined with Red Rustproof. Resistance to the 
smut was found to be dominant; only 5 of the 612 F, progenies grown 
were as suscepdble as the susceptible parent. In the cross between Blalk 

r^v sm^t ^"1 1 Rustpraof, only 10 percent of the F, families produced 
any smut, and the most severely infected produced only 15 percent as com- 
pared with 34 percent for the Black Tartarian parent In the cross wSt 
Abundance and Red Rustproof, 9 families out of a total of 345 produced 
more than 5 percent of smut, 286 families being entirely free. In the cross 
between Large Hull-less and Red Rustproof, 46 families^ut of a total of ££ 
showed some infection. The most susceptible progeny produced only 
percent of smut, as compared with 86 percent with the Large Hull-less 

hvbrids ^ extensive data on a number of different oat 

hybnds (13) Investigations were carried out with four additional crosses 
between Hull-less and Black Mesdag, both second and third generations 
inoculated with loose and covered smut, being grown. There were 465 
h2 plants, belonging to the four crosses, inoculated with loose smut and 107 
(23 percent) were infected. There were 196 F^ plants of these same hybrid 
inoculated with covered smut and 40 (20.4 percent) were infected. Alto- 
pther, 578 third generation families belonging to the four hybrids were 
inoculated with each smut and of these 541 gave a similar reartion If a 
progeny was resistant to one smut, it was resistant to the other; if it was 
susceptible to one it was susceptible to the other. The remaining 49 prog- 
enies, however showed a dissimilar behavior. All of the data suggest a 
single factor difference for resistance in these two varieties, and a very close 
parallelism in the reaction of the hybrids to loose and covered smut ^ 

Second generation plants of a cross between Silvermine and' Black 
Mesdag were also grown There were 95 F^ plants inoculated with the loose 
smut and 17.8 percent of these were infected. At the same time, 89 F, plants 
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inoculated with covered smut gave i6.8 percent infection. In these hybrids 
resistance to both smuts again appeared to be dominant. 

Results were also obtained with hybrids between certain susceptible 
varieties. There were two such crosses, one between Canadian and Victor 
and the other between Silvermine and Hull-less. All of these varieties are 
susceppble to both loose and covered smut. There were 91 F2 plants of 
Canadian X Victor and 53 F2 plants of Silvermine X Hull-less inoculated 
with the loose smut, and every plant was infected. There were 42 F2 plants 
of the hybrid Canadian X Victor inoculated with the covered smut, and all 
were infected. Thus the second generation plants of these hybrids are 
completely susceptible, like the parental varieties. 

In this same paper were published the first data obtained on the F, 
plants of Hybrids 19 and 20, Early Gothland X Hull-less, and Hybrids 
27 between Monarch and Hull-less. “ 

Hayes, Griffee, Stevenson, and Lunden (6), in 1928, presented some 
data on a cross between an oat hybrid selection, combined with Black 
Mesdag. A mixture of the spores of loose and covered smut was used for 
inoculation, and 378 F3 progenies were grown. In recording their data the 
percentage of infected plants was multiplied by the average percentage of 
infected panicles. The significance of this procedure is not explained. The 
susceptible parent gave percentages of infection varying from 3 -> to 17 1 
percent in the different rows. Of the F3 progenies, 47 gave no infe'ction, 86 
were classified as susceptible, the percentage of infection on an average bein^ 
about 4.4 percent, and the remaining families gave only small traces of smut 
They suggest as an explanation of their results the occurrence of two distinct 

factors one for immunity and the other for resistance, both carried in the 
Black Mesdag parent. 

In 1928, Garber, Giddings and Hoover (5) published their data on a cross 
between Gopher and Black Mesdag, using a mixture of spores of loose and 
covered smut The Gopher parent, in different plots, gave fr„„”o„e to 
37.5 percent infection, and Black Mesdag gave negative results. They grew 

from 2 5 to 42.5 percent, and 4 a percentage of infection greater than so 
They also followed some of these families in the F4 and later generations and 

iScS tTa^fcGT 

asis that the inheritance of resistance is controlled by a single main factor 
difference but, in addition, that there is at least one suppleLnTary factor 
brought m by the Black Mesdag parent, which accounts for the so-called 
transgressive segregation for susceptibility. 

Von Rosenstiel (22), in 1929, published his paper on the inheritance of 
resistance to loose smut of four crosses between Black Mesdag (Mesdago) 
and four susceptible varieties. He also conducted extensive experiments on 
e different methods of infection, including the study of those Lich I have 
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worked ou^ and he came to the conclusion that my methods were particu- 
larly effective for determining the resistance of varieties and hybrids. Four 
susceptible varieties— Carsten III, Dippes tJberwinder, Peragis, and Stamm 
S'°t J f g^^e from 937 to too percent infection, were crossed with 
Black Mesdag His results were as follows: 35 F3 families of Carsten III 
X Black Mesdag were grown, and ii were resistant, 16 segregating, and 8 
susceptible; 89 F3 families of Dippes tJberwinder X Black Mesdag were 
grown, and 29 were resistant, 40 segregating, and 20 susceptible; 20 F, 
families of Peragis X Black Mesdag were grown, and 4 were resistant ii 
segregating, and 5 susceptible; 192 F3 families of Stamm 01 108 X Black 

c^ptfbk 49 sus- 

In 1931, Nicolaisen (7) published his results on the methods of infecting 
oats by loose smut, with a view to determining the resistance of varieties and 
also the inheritance of smut resistance, and has found that the methods which 
I have developed are very effective. The inheritance of resistance in three 
different crosses was studied. He grew 189 F3 progenies of v. Lochows 
Gelbhafer X Black Mesdag (Mesdago); 67 of these gave no infection 93 
gave infections varying from i to 15 percent, 26 from 15.1 to 50 percent 
and 3 more than 50 percent. In the cross v. Lochows Gelbhafer X Red 
Rustproof, out of 114 progenies, 63 were resistant, 38 gave infections from 
I to 15 percent, 9 from 15.1 to 50 percent, and 4 above 50 percent. The 
hybrid Red Rustproof X Stamm or 108 contained 107 F3 progenies, 42 being 
resistant, 28 giving infections varying from i to 15 percent, 32 progenies 
rom 15. 1 to 50 percent, and 5 others more than 50 percent. The variety 
V. Lochows Gelbhafer in 1928 and 1929 gave slightly more than 10 percent 
infection, Stamm 01108 gave infections from 97.9 to 99.3 percent, and Black 
Mesdag and Red Rustproof were entirely negative. Nicolaisen explains 
the behavior of his progenies for the first two crosses on the basis of a three- 
factor difference and the behavior of the third cross on the basis of a differ- 
ence of two factors. 

Welsh (27) has recorded some limited data on the F3 progenies of hy- 
brids between Victory, a variety susceptible to both loose and covered smuts 
and a resistant selection from a cross involving Minota, White Russian, and 
Black Mesdag. He found that i r 8 F3 progenies were resistant to loose smut 
and 183 contained infected individuals. Of these same progenies, 126 were 
resistant to covered smut and 175 contained smutted plants. There were 
87 progenies resistant to both, while the remaining 224 progenies contained 
p ants infected by one or the other or both loose and covered smut. Welsh 
suggests some relationship between the infecting capacities of the two smuts 
on these hybrids. He also found that some of the third generation progenies 
gave higher percentages of infection than the susceptible Victory parent 
To account for such results he concluded that at least two factors governed 
the smut reaction, resistance being dominant. 
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_ In 1931. I published (17) my results on the inheritance of smut resistance 
m three crosses between Early Gothland and Monarch. As repeatedly 
emphasized, these varieties differ in that Early Gothland is very susceptible 
to loose smut and resistant to the covered, while Monarch is exactly the 
reverse. Data were secured on the second, third, and fourth generations 
separate sets of plants being inoculated with loose and covered smut. The 
evidence indicated that the factors for resistance to these two smuts are in- 
dependently inherited in these hybrids. A progeny resistant, segregating 
or susceptible to the loose smut might belong to any one of these classes in its 
ehavior to the covered smut. It was possible, however, to combine in the 
same selection or strain resistance to both smuts. 

• results with the inoculated second generation plants of these crosses 

indicated that resistance was dominant to both. There were 50 F, plants 
inoculated with the loose smut and 9 (18 percent) were infected, and 86 F. 
plants were inoculated with the covered smut, 9 (10.4 percent) being infected: 

he data for the third and fourth generations corresponded. While the 
data were not sufficiently extensive, yet all the facts seemed to fit the inter- 
pretation that segregation for resistance to each smut, independently of the 
other, m the second generation occurred in a ratio of three to one. 

In a very recent paper (18) I have published data on a hybrid between 
Early Gothland and Victor, the latter variety being very susceptible to both 
smuts. Second and third generation plants were inoculated with loose and 

ZZfr -Ih the loose smut 

^ percentage of infection was also se- 

cured with the few third generation progenies inoculated with this smut 
Thus the hybiids were, like the two parental varieties, susceptible. 

luch more extensive data were secured with the covered smut. In the 
F, generation, 147 plants were inoculated, of which 16 (10.8 percent) were 
infected; these F^ plants were grown at three different times, the percLtage 
of infection varying from 4 to 18.1 percent. A large number of thifd 

Some of these progenies descended from uninoculated F^ plants; 52 progenies 
of this group were grown and 18 were entirely resistant. 27 segregating and 
7 su»ept.we A larger number of F. progenies, descended FomfiSits 
hich had been inoculated with the covered smut, were grown. Altogether, 
gatingl^^""^ * progenies of this group, 43 being resistant and 64 segre^ 

The results show that resistance to covered smut is dominant although 
the percentage of infected F^ plants is too small to indicate clearly segregl 
tion on the basis of a three to one ratio. Further, in the third generation le 
find too many resistant progenies. However, it is interesting to note that if 
these progenies descended from uninoculated F^ plants, we find pure resistant 

exafrT'^^’ progenies, and pure susceptible progeLs, a result 

exactly according to expectation. Further, among the progenies deLSed 
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from F2 plants inoculated with the covered smut, we find only the two 
groups of resistant and segregating, no susceptible progenies being observed 
a result also according to expectation. In both groups, however, there was 
an excessive preponderance of resistant families. 

The hybrids Early Gothland X Victor and Early Gothland X Hull-less 
oftei exactly the same combination of varieties with regard to their behavior 
to the two smuts. Early Gothland is susceptible to loose smut and resistant 
to the covered, while Victor and Hull-less are quite susceptible to both 
smuts. It IS, then, surprising that the results with the hybrids of these two 
sets of crosses should be so different. In Early Gothland X Victor we 
find a great preponderance of resistance in both the F2 and F, generations. 
On the other hand, the hybrids between Early Gothland and Hull-less show 
a high degree of susceptibility, almost 50 percent of the second generation 
plants being mf^ted. There is also a very high proportion of segregating 
or susceptible Fs progenies. Finally, relatively few fourth generation 
progenies are pure resistant, even though they have descended from resistant 
third generation parents. 

The hybrids of Monarch and Hull-less give a reaction to the loose smut 
similar to that of the hybrids of Early Gothland and Hull-less to the covered 
smut. In these hybrids also there is a rather high percentage of infection 
(31-3 percent) in the second generation, 415 F2 plants being inoculated of 
which 130 were infected. These results may be interpreted as fitting fairly 
well the three to one ratio. In the third generation, however, we find too 
few pure resi^ant families and too many segregating and susceptible com- 
med. The F3 families have descended from both inoculated and uninocu- 
lated F2 plants. In the former group we would not expect any susceptible 
families unless the parental F2 plant was a chance escape. On the other 
hand, if the Fs progenies descended from uninoculated Fa plants, we would 
expect the three types of families, resistant, segregating, and susceptible 
m the proportion of i : 2 ; i. These results are far from being realized’ 
It may be noted, however, that a large proportion of the so-called susceptible 
Fs progenies have given a percentage of infection only slightly above so 
percent. ^ 

In the fourth generation we get still further interesting data. We find 
a number of susceptible individual plants in a great many fourth generation 
progenies, although they have descended from resistant Fs progenies and 
in many cases, also from resistant F2 parents. These results are quite in 
contrast to those obtained with such hybrids as Early Gothland X Victor 
and Hull-less X Black Mesdag, in which resistant F2 and F3 generations 
have given pure resistant F4 and later generations. 

The hybrids Early Gothland and Hull-less, to loose smut, and Monarch 
and Hull-less, to covered smut, have shown a behavior entirely similar to 
the parental varieties. In both hybrids high susceptibility has been showm 
in both the F2 and the Fs generations. 
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Summary 

Polf'' two different sets of hybrids-Early 
Gothland with Hul -less, and Monarch with Hull-less. Early Gothland is 
susceptible to the loose smut and resistant to the covered, Monarch is 
^actly the reverse in its behavior, and Hull-less is susceptible to both smuts 

SSrids^''^ ^ generations of the 

I. Hybrids 19 and 20, Early Gothland X Hull-less. 

1. Results with the F2 generation. 

A. There were 90 Fj plants inoculated with Uslilago Aveme 

and 85 (94.4 percent) were infected. 

B. There were 191 Fa plants inoculated with Ustilago levis 

and 88 (46 percent) were infected. 

2. Results with the Fs generation. 

A. Fs progenies inoculated with Ustilago Avenae. 

Fa plant uninoculated. There were 24 progenies 
containing 455 plants, all of which were infected 

b. Fa plant inoculated with covered smut. There were 

24 progenies of this group containing 460 plants, 
of which 457 (99.3 percent) were infected. 

c. Fa plant inoculated with the loose smut. There were 

4 progenies of this group, containing 53 plants, of 
which 50 (94.3 percent) were infected. 

£. F3 progenies inoculated with Ustilago levis. 

a- Fa plant uninoculated. There were 46 progenies of 
this group, 4 of which were resistant, 17 gave per- 
centages of infection below 50 percent, and 23 
percentages between 50 and 100 percent. 
i- Fa plant inoculated with covered smut. There were 
92 progenies, 18 of which were resistant, 56 gave 
percentages of infection below 50 percent, and 18 

t) 1 • t , g^''^c percentages above 50 percent. 

3* Results with the F4 generation. 

There were 88 F4 progenies descended from resistant F3 
progenies inoculated with the covered smut. In 26 of these 
progenies one, occasionally two, plants were infected. There 
progenies descended from 3 different Fa plants 

w ich showed complete resistance in the second, third, and 
fourth generations. . uum, ana 

X 

I. Results with the F2 generation. 

A. There were 148 Fa plants inoculated with Ustilago levis 
and 143 (96.6 percent) were infected. 
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B. There were 415 Fa plants inoculated with Ustilago Avenae 
and 130 (31.3 percent) were infected. 

2. Results with the F3 generation. 

A. Fg progenies inoculated with Ustilago levis. 

u. Fa plant uninoculated. There were 48 progenies 
containing 854 plants, of which 832 (97.4 percent) 
were infected. 

b. Fa plant inoculated with loose smut. There were 

48 progenies containing 844 plants, of which 826 
(97.8 percent) were infected. 

c. Fa plant inoculated with covered smut. There were 

4 progenies containing 51 plants, of which 47 (92.1 
percent) were infected. 

B. F3 progenies inoculated with Ushlago Avenae. 

a. Fa plant uninoculated. There were 90 progenies, 9 

of which were pure resistant, 51 gave percentages 
of infection less than 50 percent, and 30 percent- 
ages of infection greater than 50 percent. 

b. Fa plant inoculated with loose smut. There were 

261 progenies, of which 54 were resistant, 18 1 
gave less than 50 percent infection, and 26 more 
than 50 percent infection. 

3- Results with the F4 generation. 

There were 184 F4 progenies descended from resistant F3 
progenies inoculated with the loose smut. 

A. Of these F4 progenies, 48 descended from 8 uninoculated 

Fa plants, and 24 showed one or more smutted plants. 
A total of 1063 plants were grown and 52 were infected. 
The highest percentage of infection in any progeny was 
20.8 percent. 

B. The remaining 136 progenies descended from 23 Fa plants 

which had been inoculated with loose smut, and 62 of 
these contained one or more infected plants. The total 
number of plants was 3069, and the total number infected 
was 150. The highest percentage of infection in any 
F4 progeny was 39.1 percent. 

III. The results with the hybrids of Early Gothland X Hull-less with the 
covered smut contrast sharply with those obtained with the hybrid 
Early Gothland X Victor, although both hybrids furnish a similar 
combination of resistance of the parents to both smuts. In the hy- 
brids of Early Gothland X Hull-less there is a great preponderance 
of susceptibility in the Fg, Fj, and F4 generations, while in the hybrid 
Early Gothland X Victor there is a preponderance of resistant F2 
plants and F3 progenies. 
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ceptible F2 plants and the nt- a ^ excess of sus- 

gating progenies t the F I susceptible and segre- 

V. The hybrids of Early Gothland X Suhirrtl'VT" d 

tions were as susceotible to 1 genera- 

E-Iy Gothland aTa 

M. The hybrids between Hull-less and Monarch in the P r . r- 
generations were as susceptible to the covered smut n’ 
parents, Monarch and Hull-less. ^ 
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Introduction 

Induced apospory, or the regeneration of prothalli from the young leaves 
of ferns, has been known since 1908, when Goebel (8) described the appear- 
ance of prothallial tissue on the detached primary leaves of members of 
the Polypodiaceae and the Cyatheaceae. Pteris longifolia regenerated 
prothalli from the surface of the leaf and from the petiole. Rhizoids and 
sex organs were present on the prothalli, but sporophytes never appeared. 
Ceratopteris thalictroides produced prothallus-like structures which bore 
rhizoids and antheridia, and also stomata near the antheridia. Some 
leaves of this same fern developed buds on the petioles from which there 
arose structures intermediate between leaves and prothalli. Gymnogramme 
chrysophylla also produced prothallus-like outgrowths which contained 
stomata. When the primary leaves of Polypodium aureum were cut off, 
sporophytes grew from the buds produced on the epidermal cells. Alsophila 
van Gertii produced adventitious buds on the leaves, typical prothalli, and 
intermediate structures such as prothalli containing stomata. Later Goebel 
(9) described regeneration from a third family. Primary leaves of Osmunda 
regalis developed typical prothalli bearing rhizoids. 

Woronin (25) made similar experiments with the leaves of some apoga- 
mous ferns as well as with some which reproduced sexually. Trichomanes 
Kraussii of the Hymenophyllaceae was apogamous and its leaves developed 
prothalli by apospory, especially if they were cut off and kept, growing on a 
suitable substratum. The apospory could go still further in that the border 
cells of the leaves produced antheridia. This condition was termed “apo- 
prothallia.” Two species of Pellaea, both of which were apogamous, were 
capable of regenerating. Pellaea nivea produced filamentous prothallus-like 
outgrowths from the surface cells of detached leaves. Only the primary 
leaves of Pellaea flavens regenerated; but sometimes the secondary leaves 

^ Papers from the Department of Botany of the University of Michigan No. 365. 
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which were cut off continued to grow until they were much larger, and the 
blade was very irregular m outline. The primary leaves often grew in the 
same manner and they produced other structures as well. Numerou! 
r izoids developed on the petioles of some of the leaves, while others 
produced adventitious buds. Two non-apogamous ferns reacted in much 

Lth oTtfT^hrH "“^ts developed 

oSth.ir h o« the petiole of Nolochlaena Marantae. Si^^aU 

antheridia developed from the petiole of a 
detached leaf of Gymno gramme farinif era, 

^nJ obtained regeneration from the petiole of a leaf of Pheeopteris 

polypodiotdes A cellular mass resembling a prothallus was formed^ and 

from It rhizoids developed, as well as true leaves and structures intermediate 
between prothalli and true leaves. “iteimeaiate 

Heilbronn (10) described the formation of rhizoids and sporophytic 
buds on detached leaves of Cystopteris fragilis. ^ ^ 

Many of the regenerating leaves described by Goebel and Woronin 
developed structures composed of both prothallus-like cells and cells which 
were typically sporophytic, such as tracheids and stomata. Lang "I h j 
described some extreme instances of the production of sporophytic and 
g metophytic structures without definite sequence. The prothalli o^f I ane’s 
cultures were grown from spores. Scolopendrium .ulgare va 7 

0“ var. cris^a^u^ gracile produced sp^Zgt 

t e prothalli, sometimes apparently from transformed archesronia 
Archegonia were present on the same prothalli with sporangia; and repro 
duction was both apogamous and sexual. Lang (14) reported a sim^G,- 
situation in Scolopendrium vulgare var. rmno-digitatiim. Some of the 
^pomngia produced spores which seemed to be mature, but they did not 

Pace (19) reported the presence of sporangia on nrothalH nf . f 
which was probably one of the Osmundaceae. ^ ^ 

Since the literature relating to apospory and apogamy in s-enei-ql Loc 

g-othalli did not develop beyonffte”" ,™d°S of lex orga„I'*'rT,“ 

mentous prothalli, and typical heart-shaped nrothalH T^r 1 “f ^ 

£id regenerated prothalli which diffeSl^fromThe 

diploid plan s not only in chromosome number but also in ceb sL 

Schwareeobach (a.), bat sporophy.e, were not obtaLd boll'lb™ rt 
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generated structures, and fimile Marchal (16-18), Wettstein 

and LaRue (15) have induced apospory in various species Vhe 

Marcha s produced tetraploid sporophytes bearing diploid spores. In some 
species tetraploid gametophytes were obtained by regeneration from tetra- 
ploid capsules. By regeneration Wettstein obtained bivalent, trivalent 
and quadriAmlent races from capsules having the 2;r, 3x, and 4x chromosome 

numbers. Octoploid gametophytes were produced from capsules of inter! 

generic hybrids. 

Polyploidy in ferns has not been as extensively investigated as has 
polyploidy in the mosses With the exception of the tetraploids developed 
by Heilbronn (ii) in a single species, no fern sporophytes with more tSn 
two complete sets of chromosomes have been produced experimentally 
The apparent neglect of studies on the ferns has probably been due rathS 
to the difficulty of the material than to any lack of interest. 

It seemed desirable to extend the work along different lines and this 
paper deals with attempts to solve a number of problems, some of which 
ha\e been suggested by similar investigations in the mosses. Attemots 
were made to induce apospory and the production of tetraploid sporophytes 
in as many species as possible, and to investigate the conditLs undj 
which regeneration occurred. Since the tetraploid capsules of mosses 
regenerated gametophytes, it was believed that prothalli with the Tx 
chromosome number could be produced from leaves of tetraploid sporo- 
phytes of ferns The present work deals, also, with attempts to produce 
trip Old sporophytes by crossing 2 x gametes and x gametes. It was desirable 
to show that fertilization was necessary for the production of sporophytes 
on regenerated gametophytes and to demonstrate fertilization in the 2x 
prothalli. Apospory and apogamy as they occur in nature are closelv 
related to events resulting from the cultivation of detached leaves of young 
sporophyte plants; and the further study of induced apospory may throw 
some light on abnormalities in life cycles. Further evidence that apogamv 
does not necessarily follow induced apospory was needed. ^ 

Methods 

Cultural Procedure 

Since all prothalli and young sporophytes were obtained by growing 
them under controlled conditions, the success of the entire investigation 
depended on the cultural methods and the technique of 'handling the 
material. Therefore the development of the method will be described in 
gi eater detail than would otherwise be necessary. 

Leaves or parts of leaves with ripe sporangia were thoroughly washed 
under running water in order to remove foreign fern spores and mold spores- 
then washed several times in sterile distilled water and put in sterile Petri 
dishes to discharge their spores. When they were planted they were 
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ti ansferred with sterile instruments. The medium which was found to be 
most satisfactory for nearly all of the ferns grown was .la percent ShTve s 
nutnent solution. All solutions were sterilized in the autoclave. 

r„lt, ^ planted in small glass capsules on the solution and the 

ultures were kept m a greenhouse where they never received direct sunlight 
The spores germinated to form prothalli floating on the surface; and the 
young prothalh were transferred to fresh solution every three or four weeks 
and thinned out m order to give them plenty of room to develop. In this 
way they grew to maturity and formed sex organs and young sporophytes 
Usually some of the sex organs were immersed in the solution so that 
ertihzation took place; but if the sporophytes were slow to form, especially 
m ferns where the antheridia are not produced in such large numbers 

shaking the dish brought about the opening of the sex organs and ferS 
Zation. 

germination varied from two days to four weeks 
accoidmg to the species and the age of the spores. Young sporophytes 
with one or two leaves ready for regeneration experiments were formed 

wdrdTff^rrnt 

prothalli showed a tendency to sink, especially after they had 
een disturbed m order to bring about fertilization, they grew better if 
transferred ^ capsules containing three quarters of an inch of sterilized 
white sand soaked with the nutrient solution. 

common contaminations were algae and fungi, although washine 
the spore-bearing leaves usually removed most of the mold spores Numer^ 
ous collections were made at different times and from differLt partfof the 
The collection was preserved in separate, sterile Petri dishl 

The collections which were found to be contaminated could be discarded 
after the first trial plantings. In the early stages of the work mrthodrof 

and”'eS°™iSlrf-t tk« ferns except Scchfenirium 

Knopfs nutrient solution was found to be better for Scnlo 

fulrn", U " T soaked with Shtt 
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Contaminations were more common on agar than on solution, and they 
often appeared soon after the prothalli were transferred to fresh agar. 
Frequent sterilization of the needles in a flame during the process of re- 
moving the prothalli to a dish of fresh agar was necessary. When a dish 
containing prothalli to be transferred was brought from the greenhouse, 
the surface was washed with alcohol to remove sources of contamination. 

In all the species regeneration was brought about by cutting the young 
leaves off with sterile needles, and transferring them to fresh .12 percent 
Shive’s solution. The leaves usually floated on the surface; but if there 
was a tendency to sink, they were supported by sand. From ten to twenty- 
five leaves were placed in each capsule containing approximately 30 cc. of 
the sterile solution. The first, second, and third leaves were cut off as 
they were formed on the embryo; but regeneration was not very common 
in the third leaves. Wounding seemed, in some cases, to induce regeneration 
since the prothalli often developed where the leaf had been injured in 
cutting. Regeneration usually took place within two to four weeks after 
the leaves were cut off, but in a few species the leaves remained green for 
three months before regeneration started. 

It was necessary to exercise great care in the preparation of leaves for 
regeneration in order to prevent contaminations. All apparatus and 
solutions were sterilized, and the leaves were cut and transferred as quickly 
as povssible. Good results were never obtained in any culture contaminated 
with green algae or blue-green algae. The nutrient solution was a very 
favorable place for algae, which grew much faster than the tissue regenerated 
from the leaves. Since the regenerated prothalli formed in contaminated 
cultures were always crowded out by the algae and died in an early stage, 
it was important to prevent contaminations and to remove all contaminated 
capsules from the greenhouse immediately. Mold contaminations were 
not so harmful since conditions were not favorable for the growth of fungi, 
and they usually died in a few weeks. All the leaves which died without 
regenerating were removed because fungi could grow on them. It was 
often necessary to transfer all the green leaves to clean, sterile dishes of 
solution when some of the leaves died and became moldy. 

In a few cultures where algae appeared after the regenerated prothalli 
were well established, the 2 x prothalli were saved by transferring them to 
soil. The soil was not sterilized, since the prothalli grew better on un- 
sterilized soil. Contaminations by fern spores were controlled by keeping 
the pots of soil moist and under glass covers for several weeks. Under 
such conditions, any foreign fern spores would germinate and could be 
removed before the 2 x prothalli were put on the soil. All prothalli grown 
on soil were kept under glass covers, and were either watered from below 
or with sterile water. 
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Technique 

The cell measurements were made with an ocular micrometer on material 
mounted in lactic acid according to the method described bv Simpson f-.o) 
The leaves or prothalli were kept in lactic acid in a warm pla ^^^1 ht 
be ame dear and then mounted. The areas of the epidermal cells werl 
btained by measuring camera lucida drawings of the cells with a planimeter 

from thT f determined by dividing the area derived 

^om the planimeter measurement by the magnification of the drawing 

by the widths since the cells were approximately rectangular. 

Ihe sporogenous tissue used for chromosome counts in 
margmale was fixed in Flemming’s medium solution. All' other material 
r chromosome counts was fixed in formol-acetic-alcohol with the following 

minl’^ thickness and stained with Flem- 

Experiments 

PolypXeaTandThe SrlndatlrbutJgLlra^^^^^^^^^^^ 

ohtairiAri f; r ^ ^ dtea sti uctuies were never 

it is impoibt rrJ cl CLTaVr':? - 

prothalli by induced aposporj. to produce 

Several other ferns which did not Drove snir-iblfs fee,- * • 

formed prothalli by induced anosnoL ^^^le for an extensive study 
Dicksonia punctilobha (Sx 

the lobes of the primary wi l/irdlul 

sporophytic tissue of the leaf ended and th^, ^ the 

prothallus began in some of ^ gametophytic tissue of the 

prothalli similar to those described f ^ filamentous 

oc,a.s „c„ 1 ?“! S" TT; ”” 

than a few weeks. ^®g®^eiated tissue lived longer 

prothalli which bore antheridia TfII. ^ .1 , heart-shaped 

year and became vei^Ce bt had n^ TT' ‘ban a 

became contaminated with green algae anT^P^^*^ archegonia when they 

from spores produced few arcLgonia fn these eSmes Prothallj grown 

grown for a long time and were very large. ’ when they had 

Asplenium platyneuron (L.) Oakes rep-enAraf-od r • 

secondary leaves, and roots Both rhA f ^ 

na roots. Both the leaves and the roots developed 
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filamentous prothalli, heart-shaped prothalli, and sporophytic buds 
Anthend,a were borne on the heart-shaped prothalli but no ardrejonia Ire 
present when th.s culture became contaminated with green algae and S 
Cystopter„ Msili, (L.) Bernh., Osmunda resatis L., afd Altr.'I; 

heart-shaped prothalli with archelnia 
and aiitheridia from which sporophytes developed. A report of the studies 
on these three ferns will be published later. ^ studies 


Pteris cretica var. albo-lineata Hook. 

The spores of this fern were obtained from the' commercial florist 
J. • nderson, Short Hills, New Jersey. They were planted in glass 
capsules on a medium of sterilised sphagnum soaked with Shive’s nutfien, 

mmlrn 1 I very quickly, forming heart-shaped 

prothalli, but never bearing archegonia. Six weeks after the spores were 

p anted, nearly all the prothalli formed apogamous sporophytes in the 
manner desenbed by Farlow (6) and deEary (a) for Fieri, llica. While 
the spprhytes were quite young (having only two or three leaves) and 
while they were still growing on the sphagnum, the primary leaves of about 
t irty were cut oli and put on Shive's solution. Five weeks after the 




Text Fig. i. 
prothallus. 

Text Fig. 2. 


Ftens cretica var. albo-lineata. Primary leaf regenerating a heart shaped 
Woodsia obtusa. Leaf with three regenerated filamentous prothalli. 


leaves were cut off, regeneration had begun on the dorsal surface of one 
leaf near a vein. Very soon the regenerated tissue formed rhizoids and 
broadened out to form a heart-shaped prothallus (text fig. i). The develop- 
ment of this prothallus resembled the development of the prothalli of 
Pteris crehca var. albo-lineata grown from spores. No archegonia were 
formed on the regenerated prothallus, and no antheridia were observed. 
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About eight weeks after this prothallus was regenerated, it produced an 
apogamous sporophyte in the same manner that the original apogamous 
sporophytes m this species were developed. This apogamous sporophyte 
grew for several months and produced a number of leaves and roots The 
described above was the only case in Pteris cretica var. albo- 

Woodsia obtusa (Spreng.) Torr. 

Spores oiWoodsia obtusa were collected from a plant growing in culti 
vadon near Cold Spring Harbor, Long Island. They Le pfanted on 
live s solution, and the young sporophytes developed on the gametophytes 
floating on the solution. Approximately 1500 leaves, 75 percent 7 whS 
were primary leaves, were cut off to induce regeneration ; 6.25 percent oAhe 
kaves ,, generated but no normal heart-shaped prothalli were ever formed 
To developed on any of the regenerated tissue, and probably 

oroS^"'^'"” although a large number of thi 

prothalh were examined carefully. There were two different types of 

trTlltrand rooT'^T^^^^^^ structures, and sporophytes with 

i-h^J f and roots. The two kinds of structures were often found on 
the same eaf and they developed either from the petiole or from the blade 
The filamentous structures consisted of undifferentiated cells similar to 
normal prothallial cells and bore rhizoids (text fig. 2). Theyneve^Zll 
very large and usually lived only a few weeks Text fim.r^ LIT 

tifT! “ ‘ 

of rliP I f ^ solution for more than two months. The shape 

of the leaf was modified by growth in the marginal region, giving it avLl 
^regular outline. Growth of this type occurred more often fn leaves which 
were cut off before they had reached full size. On the leaf shown in -t 

SveToid^™?^“'f regenerated sporophyte 

where tee’ "" growing point grew from the mass of cells 
where the pro hallus was attached to the petiole, the growing point later 

STprotelnus fr Tt "LT develo^en 

OtherreU 

intermediate between prothalli and leaves, and fin^ 

Regeneration m ITiwdm took place in the roots Lo pTnr ' ■ 

gfssssr= 

SfSiiliss 

Sporophyte remained attached to the root young 

sembled a sporophyte developed from a fertilized STSthe'n if was' 
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ti ansfeired to soil, it grew to maturity. Nearly all the regenerating roots 
formed sporophytes in the manner described; but a few formed filamentous 
prothalh which were similar to those formed on the regenerating leaves. 
I hey developed fiom the root tip or from the cells a short distance from 
the tip. The writer is not aware that regeneration of prothalli from roots 
has been described previously, although the formation of sporophytes on 
uninjuied loots or on detached roots of Ophioglossum has been described 



Text Fig. 3. Woodsia ohtiisa. Sporophytic bud formed on prothallial tissue re- 
generated from the petiole of a leaf. Leaf showed growth in the marginal region. 

f3y Campbell (4) and by Poirault (20). The roots oi Woodsia regenerated 
the same types of structures as the leaves of that species. 

Shive’s and Knopf’s solutions were both used in the regeneration of 
Woodsia. Two series of solutions of different concentrations varying from 
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.3 grams per liter to 5 grams per liter were tried in order to test the effect 
of the medium. About 200 detached leaves were cultivated on the different 
concentrations of each solution. The two solutions gave approximately 
the same results m regard to the number of leaves which regenerated and 
the structures produced; but contaminations by algae were more common 
m Knopf’s solution. Both filamentous prothalli and sporophytic buds 
were formed in all the concentrations of both solutions. The number of 
sporophytes was slightly larger in the higher concentrations of both solu- 
tions; and in general, more leaves regenerated in the solutions of medium 
concentrations. Heart-shaped prothalli were never formed and all the 
regenerated tissue either died or formed sporophytes capable of developing- 
to maturity. 

Aspidium marginale (L.) Sw. (Long Island) 

The spores of Aspidium marginale were collected at Cold Spring Harbor, 
Long Island, New York. Regeneration in this species took place readily 
usually about four weeks after the leaves were cut off, and 33 percent of the 
135 leaves which were cut regenerated. Growth began in the superficial 
cells of the blade either on the surface or on the margin as shown in text 
figure 4. ^ In Aspidium it was noticed that regeneration often took place 
near an injured spot on the leaf. Only one case of the formation of a 
sporophytic bud as described for Woodsia was found and in this instance 
the regeneration was from the petiole. 

The Regenerated Gametophytes 

The first structures formed were filamentous, usually only one or two 
cells wide, and they bore rhizoids and a few antheridia. A growing point 
was very soon established in each and a true heart-shaped prothallus 
developed which grew to sexual maturity very quickly. The development 
alter the short filamentous stage was not observed to differ from the normal 

^ P^thallus from a spore. The regenerated prothalli 
esembled the normal m that they were typically heart-shaped with the 
growing point in the notch and in that they produced archegonia on the 
ickened cushion and antheridia and rhizoids on the posterior part; but 
when cell measurements were taken it was found that the cells were larger 
With the exception of the prothallus, which is discussed below, the 
measurements were made on cells in the wings of sexually mature prothalli 
all ot which had been grown under like environmental conditions. Gameto- 
phytes vary under different external conditions, such as differences in 
substratum and in the amount of light. Also under crowded conditions 
normal development is prevented; the prothalli are smaller and the cells 
remselves are smaller. Therefore the ^ and the 2x prothalli were grown 

ature ^ w TI"" conditions as to light and temper- 

frorr, r measurements were taken were chosen 

from cultures having approximately the same number of plants to a given 
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amount of nutrient solution. Normal and regenerated prothalli were 
selected which were nearly the same size, and which bore sporophytes at 
the same stage of development. The length and the width of each of four 
bundled cells was meavsured from both the normal and the regenerated 
prothalli and the variates were taken from a number of different plants. 
The results of the measurements of the prothallial cells are shown in table i. 



Text Fig. 4. Aspidium margmale» Heart shaped prothallus regenerated from the 
margin of a leaf. Filamentous prothalli were formed first. 

The length of the 2x cells did not show much increase but it was signifi- 
cant since the difference in lengths was six times the probable error. The 
width showed a much greater increase and the difference in widths was 
twenty-seven times the probable error. 

Chromosome counts were made from cells of the developing antheridia 



314 


AMERICAN JOURNAL OF BOTANY 


[Vol, ig. 


Table i. Cells of Prolhalli of Aspidium marginale {Long Island) 


Prothallus 

No. Cells 
Measured 

Lengths in ju 

Difiference from 
(a) 

% Increase over 
( a ) 

{a) X 
(h) 2X 

(c) 4x 

400 

400 

100 

II7.I9 ± .87 

125.47 ± 1.06 
112.53 ± 1.61 

8.28 ± 1.37 
4.66 rb 1.83 

7 

(a) X 

(b) 2X 

(c) 4 x 

400 

400 

100 

Widths in pt 

49.97 i .24 
62.67 ± -39 
90-32 ± 1. 16 

12.70 rb .46 

40.35 ± I.I8 

25.4 

80.0 

(a) X 

(b) 2X 

(c) 4x 


Areas in sq. fx 

5900 

7900 

10200 


34 

73 


in both the normal and regenerated prothalli. The number in the prothalli 
grown from spores was 36 ±, while 65 ± chromosomes were found in the 
regenerated prothalli. The dividing cells were rare, and it was necessary 
to section many prothalli bearing young antheridia in order to find a 
sufficient number of cells in the proper stages to make chromosome counts 
A number of counts were made; but, due to the large number of chromo- 
sonies and the fact that they are long and slender, it is almost impossible 
to be sure of the exact number from counts made in somatic tissue. It 
seems certain from the above numbers that the diploid number is carried 
over into the regenerated prothalli. 

Observations were made on mature sex organs and by means of paraffin 
sections on various stages in their development. Some antheridia on the 
regenerated gametophytes produced 32 sperms while others bore 64- the 
same numbers were observed in various antheridia on the normal prothalli. 
The antheridia of the 2x prothalli were seen to open; the sperms were 
motile and were attracted to the archegonia; sperms were found in the 
necks of the archegonia sectioned in paraffin. The archegonia did not 
differ from the normal ones except perhaps by a slight increase in size 
Unopened ychegonia were found showing the egg, the ventral canal cell 
a.ncl the neck canal cell with its two nuclei. 

to bewTi? ion has not been found in this species, there is reason 

to believe that it took place in a normal fashion. Fertilization was found in 

expertefffiat t 11^^!?"'’ '' described below; and it is to be 

expected that it will be demonstrated m this species also. 


1 he bporophytes Produced by the Diploid Gametophytes 
Sporophytes were formed about four months after the regenerated 
prothalli developed; and from the first it seemed probable that they were 

JrotSli had developed a few weeks after the 

protha h had been shaken up in the solution on which they were growing. 

Since the 2.v prothalli were grown on sterile media, and in dishes with lid? 
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there was no possibility of contamination by other ferns. The sporophytes 
developed from archegonia because the young embryos were observed in 
the enlarged venters with the brown necks of the archegonia still attached ; 
and the sections showed a well developed foot. No record has been found 
in the literature that apogamy or parthenogenesis occurs in the normal 
Aspidium marginale. Paraffin sections of 2x prothalli bearing archegonia 
and young embryos showed that the course of development was normal. 
Two celled embryos showed that the first cell wall was parallel to the axis 
of the neck of the archegonium as in the normal embryos. Four, eight, 
and sixteen celled embryos were found as well as later stages. 

Due to the rapid growth of prothalli and their tendency to regenerate 
smaller prothalli, a large number of 2 x gametophytes was available for an 
experiment on fertilization. The prothalli grown on sand or on solution 
never became very large without producing embryos, there being oppor- 
tunities for fertilization to take place every two or three weeks when they 
were transferred to fresh solution, and the sex organs in contact with the 
solution opened. Therefore a number of small prothalli either with no 
archegonia or with very small ones were removed to agar. In a few weeks 
numerous mature archegonia were present on all the prothalli on agar; 
and they continued to form in large numbers, as the prothalli grew to be 
several times as large as those growing on sand or on solution. About 
150 prothalli were kept on agar for periods varying from one to four months. 
Only ten sporophytes appeared on these gametophytes and they probably 
developed because a few drops of water condensed on the lids of the Petri 
dishes and dropped on the prothalli. The small number of sporophytes 
formed on agar, contrasted with the fact that all prothalli on sand or 
solution produced embryos, made it seem highly probable that all the 
sporophytes were the result of fertilization. 

In order to obtain more direct evidence that fertilization was necessary 
for the formation of sporophytes, a dish containing about fifty prothalli 
with mature sex organs was filled with nutrient solution for twenty-four 
hours. Other dishes of similar prothalli with mature sex organs were not 
filled with solution. After five weeks forty-three young sporophytes were 
counted in the dish which had been filled with solution. All the sporophytes 
were approximately of the same size, showing that the archegonia had all 
been fertilized at the same time. The other dishes with prothalli having 
mature sex organs which had not been in solution did not develop sporo- 
phytes. 

The evidence from the chromosome numbers strengthens the theory 
that fertilization took place. Chromosome counts were made in the cells 
of the first leaf of the embryo where mitotic figures were abundant. The 
very large number of chromosomes made it impossible to be sure of the 
exact number, although numerous careful counts were made on a large 
number of cells. It seemed certain that at least 120 chromosomes were 
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present, since the counts varied from 120 to 130 in different cells. When 
this number was compared with the numbers found in the gametophytes 
there was every reason to believe that the sporophytes formed on the 
regenerated prothalli were tetraploids. 

A comparison of the young diploid and tetraploid sporophytes showed 
some differences. The leaves of the tetraploid were more irregular in 
outline, in some cases showing peculiar thickenings and foldings on the 



Text Fig. 5. Aspidium marginale. Lower epidermal cells of tetraploid sporophyte. 
Text Fig. 6 . Aspidium marginale. Upper epidermal cells of tetraploid sporophyte. 
Text Fig. 7. Aspidium marginale. Lower epidermal cells of diploid sporophyte. 

surface. A microscopic study of the fully developed primary leaves of 
diploid and tetraploid plants at the same stage of development showed 
variations in size of stomata, and variations both in the size and shape of 
the epidermal cells (text figs. 5, 6, 7? a-nd 8). Table 2 shows the numbers 
of measurements made and the sizes of the cells, in microns, of the diploid 
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and tetraploid plants. A number of plants were used for all the measure- 
ments of the different kinds of cells. 


Table 2. Cells of Leaves of A spidium marginale {Long Island) 


Sporophyte 

No. Cells 
Measured 

Stomata 

Lengths in /x 

Difference 

% Increase 

2X 

4 ^ 

OJ 00 
0 0 
0 c 

42.77 ± .19 

54.11 d= .25 

U.34 ± .32 

26 

2X 

4 x 

200 

200 

Upper Epidermis 
Lengths in ii 

101.59 dsz 1.07 

129.14 ± 1.26 

27.55 ± 1-65 

27 

2X 

4 x 

350 

350 

Lower Epidermis 
Lengths in ii 

119.45 ± I.II 

233.22 zb 2.18 

113.77 ± 244 

95 

2X 

4 ^ 

0 0 

0 0 

Lower Epidermis 
Widths in li 

60.61 ± .49 

63.56 ± .61 

2.95 ± -78 

4.8 

2X 

4 X 


Areas in sq. fi 

Lower Epidermis 

3952 

6916 


75 


The lengths of two hundred lower epidermal cells of full grown leaves 
of a mature plant were measured. The mean was 119.62 ± .92 microns. 
When this was compared with the length of the corresponding cells of 
normal primary leaves it was found that the difference was less than the 
probable error. Therefore it is to be expected that the cells in the mature 
tetraploid sporophytes will be approximately of the same size as the cells 
of the primary leaves of tetraploid sporophytes. 

The difference in widths of the lower epidermal cells of the 4x and 2x 
plants is only 3.8 times its probable error. In all other measurements the 
differences are so great that there can be no question of their significance. 
By means of a planimeter the areas of twelve cells of the lower epidermis of 
the diploid plant, and the areas of the same number of cells of the tetraploid 
plant, were measured from camera lucida drawings. Cells were selected 
whose measurements corresponded on the average to the dimensions given 
in table 2. From the figures thus obtained the areas of single cells in 
square microns were computed. 

In his description of the tetraploid plants of Polypodium aureum, 
Heilbronn (ii) states that the areas of normal and tetraploid epidermal 
cells are to each other as i : 2.2. Therefore the epidermal cells of tetraploid 
plants of Aspidium marginale do not show as great an increase in size as 
the epidermal cells of Polypodium aureum. 
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Regeneration from Tetraploid Sporophytes 

Regeneration was also obtained from leaves of the 4x sporophytes 
formed on the regenerated prothalli described above, giving prothalli with 
the 4.x chromosome number. The 4.x regeneration resembled the early 
stages of the 2.x, the gametophytes being filamentous and without a growing 
point, and sometimes developing fifty or sixty cells in a single row. One 
culture of 4.x tissue obtained from a single leaf produced twelve or more 
prothalli at the end of nine months. Very few of these prothalli were truly 



Te.xt Fig. 8. Aspidium marginale. Upper epidermal cells of diploid sporophyte. 
Te.xt Fig. 9. Aspidium marginale. Prothallus regenerated from leaf of tetraploid 
Sporophyte. 

heart shaped although, sex organs of both kinds were produced regardless of 
the shape of the prothallus. Structures similar to that shown in text figure 
9 were common, having many segments which often ended in filaments of 
a single row of cells. The region marked “x” consisted of cells which had 
not reached full size and the notches in this lobe resembled growing points. 
A number of archegonia developed on a broad, irregularly ribbon-shaped 
prothallus which had developed a thickened region similar to a cushion 
along one edge, while the other side consisted of a single layer of cells like 
the wings of a normal prothallus. 

One hundred measurements of the length and width of cells of the 
prothallus shown in figure 9 were made. The mean length was 112.53 
± 1. 61 microns and the width was 90.32 ± 1.16. Since the measurements 
were taken from a single prothallus, due to lack of material, and since that 
prothallus had not developed sex organs and was probably not at exactly the 
same stage of development as the other prothalli whose measurements are 
given in table I, a comparison of the results obtained in the two instances 
may be misleading. However, it seems to be evident that the width of the 
4x prothallial cells is greater than that of the 2x cells. A similar difference 
was observed in the comparison of the 2x prothallial cells with the ones 
having the chromosome number. 
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The sex organs on the 4x gametophytes seemed to be normal but a 
more careful examination must be made when material is available. Al- 
though the same 4x tissue has been kept in culture for nearly a year, very 
few prothalli have developed because growth is very slow. It is hoped that 
prolonged culture will show that 4X prothalli can produce sporophytes with 
the 8x chromosome number. 

Aspidium marginale (L.) Sw. (Pennsylvania) 

Spores of Aspidium marginale were also collected from a plant which 
had been brought from Penowa, Pennsylvania, and was growing in the 
Botanical Gardens at the University of Michigan. They were grown in 
order to repeat the experiments made with the same species collected on 
Long Island. 

Chromosome counts made at sporogenesis showed that the haploid 
number was either 38 or 39. The similarity in the results of the experiments 
on the cultures from the two ferns suggests that they may be similar in 
constitution and that the chromosome numbers in the plant from Long 
Island may be 

X = 38, 2x = 76, 4x = 152, 

instead of 

X = 36 ±, 2x = 65 ±, 4x = 120-130, 

as obtained from the counts made in the vegetative divisions of the Long 
Island plant. 

Approximately 800 leaves were detached from the young embryos of 
Aspidium marginale (Pennsylvania) and placed on solution in capsules; 
and as a result 25 percent of them regenerated. The early stages were 
filamentous and similar to the regeneration from the Aspidium marginale 
from Long Island; but in this experiment the heart-shaped prothalli were 
slow to develop and a large number of the filamentous structures died 
without producing them at all. This difference in regeneration in the two 
cultures may be due to some difference in constitution or to differences in 
external conditions resulting from the different seasons. The results of 
experiments made to determine whether regeneration in Aspidium marginale 
varied with the seasons were inconclusive. 

The production of sporophytic buds on leaves cut off to induce re- 
generation was as rare in this culture as in the preceding one. 

No chromosome counts were made in the regenerated prothalli, but 
there was no indication that they differed from the 2x prothalli of Aspidium 
marginale in which chromosome counts were made, and in all probability 
the chromosome number here is the 2x number also. The prothalli were 
similar to the ones in which counts were made and bore normal sex organs 
which produced sporophytes. From the studies on cell size described 
above, it is evident that the increase in length of the cells of the lower 
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epidermis of the leaf is the most marked characteristic of a young tetraploid 
plant of this species. Consequently, a study was made of the length of the 
lower epidermal cells in both the tetraploid and diploid plants of this 
culture, the stage of development of the embryo as a whole being the same 
as in similar studies made in the preceding culture. 

When these measurements were compared with those made on Aspidium 
marginale from Long Island, it was found that the differences were not 
significant, being not more than twice their probable errors. 


Table 3. Cells of Leaves of Aspidium marginale {Pennsylvania) 


Sporophyte 

No. Cells 
Measured 

Lower Epidermis 
Lengths in fi 

Difference 

% Increase 

2 X 

4A 

200 

200 

119.90 db 1.62 
225.11 ± 3.02 

105.21 ± 3.42 

88 



Sporophyiic Structures on Prothalli 

A few abnormal plants developed, showing combinations of gametophytic 
and sporophytic characteristics. Text figure 1 1 shows a regenerated 
gametophyte which was heart-shaped but without a cushion and it consisted 
of a single layer of cells except for the mass of tissue which bore sporangia. 
Glandular hairs, such as are found on young leaves of sporophytes, were 
present on the tissue bearing the sporangia. Sections of the thickened 
region showed that it contained a few tracheids. The sporangia themselves 
(text fig. 12) were borne on stalks which were shorter and thicker than the 
typical stalks of the Polypodiaceae. Development ceased and the sporangia 
became a lighter green without forming mature spores and the annulus 
was never conspicuously differentiated. Sections showed a sporangial 
wall of a single layer of cells and the remains of what may have been a 
tapetum. The sporogenous tissue was in the sixteen cell stage in all the 
larger sporangia and the nuclei were in a resting condition. Since in no 
case more than sixteen cells were found, it appeared that the sporangia 
developed much like normal sporangia up to meiosis but at that point the 
nuclei became somewhat abnormal in appearance, and none of the sporangia 
showed any signs of the reduction division. 

Another 2x prothallus developed a cushion and bore sporangia on one 
side of the prothallus and archegonia on the other side. A sporophyte 
developed from one of the archegonia. 

Text figure 10 illustrates a plant whose posterior part was distinctly 
prothallial in character and consisted of a single layer of cells. The anterior 
part (in front of the dotted lines) resembled a leaf, having a mid-rib with 
tracheids, upper and lower epidermis, and a well developed mesophyll 
extending about half way from the mid-rib to the margin of the leaf. The 
mean length of these epidermal cells was found to be 1 13.70 dz 2.20 microns. 
The difference between the length determined for normal sporophytes and 
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this figuie is only 2.33 times its probable error. Therefore these cells 
resemble the corresponding cells of the normal sporophytes, which might 
be expected since the chromosome number is in all probability 2x in each 
case. The mass of cells at the place where the gametophyte tissue meets 



Text Fig. 10. Aspidimn marginale. Plant regenerated from leaf of diploid sporo- 
phyte. The posterior part was prothallus-like and the part in front of the dotted lines 
was leaf like. It contained a mid-rib, epidermal cells, and stomata. 

Text Fig. ii. Aspidium marginale. Prothallus regenerated from leaf of diploid 
sporophyte. Sporangia were borne on the thickened region. 

Text Fig. 12. Aspidium marginale. Single sporangium from prothallus shown in 
figure II. 

the sporophyte tissue contained tracheids and when it first appeared 
seemed to be an early stage in the development of an apogamous sporophyte, 
but it never formed a leaf. Rhizoids were present both on this thickened 
structure and on the prothallial tissue. 
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Summavy of Results of Experiments with Aspidium marginale 

Regeneration from leaves of normal sporophytes gave gametophytes 
from which sporophytes were derived sexually. Chromosome counts were 
made in the normal and regenerated gametophytes, in the normal sporo- 
phytes, and in those produced on regenerated gametophytes. The chromo- 
some numbers were doubled, giving 2x gametophytes and tetraploid sporo- 
phytes. The leaves of the 4x sporophytes regenerated prothalli bearing 
both kinds of sex organs. Probably the chromosome number in these 
gametophytes was the 4x number; but counts have not been made. 

The cells of the regenerated prothalli, both the 2x and the 4x, were 
increased in size, particularly in width. The cells of the 4x sporophytes 
were larger than those of the 2x. Due to the great increase in length, but 
not in width, of the lower epidermal cells of the leaf, those cells were of a 
different shape from the corresponding cells of the 2x plant. A few re- 
generated prothalli were found bearing sporangia. 

Woodwardia vkginica (L.) Sm. 

Spores of Woodwardia virginica were collected near Lake Ronkonkoma, 
Long Island, New York, and were germinated on Shive’s nutrient solution. 
Regenerated prothalli appeared in about four weeks after the leaves were 
cut off and cultured. It was evident at once that it was particularly easy 
to induce regeneration in this fern, since 60 percent of the 50 leaves cut 
regenerated. Although the original plants were all grown on Shive’s 
solution, both Shive s and Knopf’s solutions were used for regeneration, 
and they seemed to be equally good. 

The Plants Obtained by Regeneration 

The regenerated prothalli developed from single cells, either on the 
margins or on the surfaces of the leaves. Text figures 13-15 show the 
development of a filamentous prothallus from a single cell. A mass of 
filamentous prothalli covered with antheridia developed on the regenerating 
leaves first, and from the filamentous gametophytes heart-shaped ones were 
formed with well developed cushions bearing archegonia. The cultures 
grown from spores contained a large number of small male gametophytes 
at first; the bisexual plants developed a little later. Therefore the regener- 
ated prothalli were following the normal course of development for this 
fern. The antheridia were normal and the sperms were motile. There 
were 32 or 64 sperms in each antheridium as in the normal plants. 

Sporophytes developed very soon after the first archegonia appeared on 
the regenerated prothalli. Experiments to prevent fertilization were also 
made with this fern. Twelve gametophytes with mature sex organs were 
kept on agar for two months. Sporophytes did develop on three of these 
prothalli because antheridia were so numerous; and the prothalli seemed to 
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grow in a horizontal position instead of standing somewhat on edge as in 
many ferns. Therefore fertilization could take place very easily if a drop 
of water fell from the lid of the Petri dish. The remaining nine plants 
never produced sporophytes. The number of plants used in this experiment 
to prevent fertilization was small due to lack of material. Observations 
showed that the sporophytes formed on the regenerated prothalli of Wood- 
wardia were not apogamous, but that they grew from the archegonia. 



Text Figs. 13--15. Woodwardia virginica. Three stages in the development of a 
filamentous prothallus from a single cell on the margin of a leaf. 


Conclusive evidence of fertilization in the 2 x prothalli of Woodwardia 
was obtained. Some of the prothalli bearing mature sex organs, which had 
been kept on agar for two months without the formation of sporophytes, 
were placed in a small glass capsule and covered with nutrient solution for 
about three hours. At the end of that time they were fixed in formol- 
ace tic-alcohol, embedded in paraffin, and cut. A section was obtained 
showing sperms in the open neck of an archegonium and a single spirally 
coiled sperm within the nucleus of the egg (text fig. 16). 

Root Regeneration 

A number of roots regenerated and produced the same kinds of structures 
as the leaves. The green roots were cut off and cultivated for about ten 
weeks before the filamentous prothalli appeared. A little chlorophyll was 
present in the tips of the roots before they were cut off; but after they were 
detached, the tips became much greener and chlorophyll was developed 
for some distance back from the tip. This was in contrast to the roots of 
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Woodsia obtusa which were green only near the tips. The filamentous 
prothalli grew from cells on the surface or very near the surface of the root. 
The 2x gametophytes produced only antheridia in the filamentous stage, 
but later heart-shaped prothalli with archegonia grew from the filamentous 
ones. Single regenerating roots were isolated and grown on sand and solu- 


Text Fig. i6. Woodwardia virginica. Fertilization in a diploid prothallus, 


tion until sporophytes developed. These sporophytes were similar to the 
ones produced on the prothalli regenerated from leaves. Regenerated 
tissue from the roots of Woodwardia was always in the form of prothalli 
bearing sex organs; while the regenerated tissue formed on the roots of 
Woodsia was either filamentous prothalli without sex organs or sporophytic 
buds. In each species in which root regeneration occurred, the results were 
exactly like the regeneration from the leaves of that species. 


Chromosome Numbers in Woodwardia 

The chromosome numbers show also that fertilization took place before 
the development of the embryos. Counts were made in normal prothalli, 
regenerated prothalli, normal sporophytes, and sporophytes developed from 
regenerated gametophytes, with the results given in table 4. The number 
of chromosomes is large and therefore cannot be determined exactly from 
somatic tissue, but reduction stages were not available. In each tissue in 
which the chromosomes were counted, a number of careful counts were 
made from different cells. Mitotic figures were easier to obtain in the 
gametophytes of Woodwardia than in Aspidium because so many antheridia 
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were produced on small prothalli. The most accurate counts were made in 
the first division of the central cell which gives rise to the sperms, because 
in later divisions the chromosomes of two cells might be confused. The 
chromosomes of the x gametophyte and of the 2x gametophyte are shown 
in text figures 17 and 18. 



Text Fig. 17. Woodwardia virginica. Chromosomes .at metaphase from cell of 
haploid gametophyte. 

Text Fig. 18. Woodwardia virginica. Chromosomes at metaphase from cell of 
diploid gametophyte. 

Table 4. Chromosome Numbers in Woodwardia virginica 


Normal prothalli 32 d= 

Regenerated prothalli 57- 64 

Normal sporophytes 59- 65 

Sporophytes on regenerated prothalli 123-130 


Comparison of the Regenerated Plants with Normal Plants 

The leaves of the tetraploid plants were much more irregular in outline 
and often showed foldings and thickenings, as well as lobes which were 
peculiar in shape and not fully developed. Text figures 19 and 20 show 
such differences between leaves of young tetraploid and diploid plants. 

The results of the microscopic study of the sizes of the cells are shown 
in table 5. The areas were obtained in the manner described for Aspidium» 




Text Fig. 19. Woodwardia virginica. Leaf of young tetraploid sporophyte. 
Text Fig. 20. Woodwardia virginica. Leaf of young diploid sporophyte. 
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That is, the areas of the prothallial cells are the products of the two dimen- 
sions. The areas of the epidermal cells were determined by measuring with 
a planimeter. Ten cells from the tetraploid plant and the same number 
from the diploid plant were measured from camera lucida drawings. From 
these measurements the actual areas as shown in table 5 were calculated. 
Cells were chosen whose dimensions were consistent with the dimensions 
shown in the table. Text figures 21 and 22 show the shape of lower epi- 
dermal cells of the diploid and tetraploid plants. 


Table 5. Cells of Woodwardia virginica 


Protliallus 

No. Cells 
Measured 

Lengths in fi 

Difference 

% Increase 

X 

300 

114.07 ± 1. 15 



2X 

300 

135.51 ± 1.47 

21.44 ± I.S6 

19 



Widths in fi 



X 

300 

55.79 ± -42 



2X 

300 

72.44 ± .54 

16.65 .68 

30 



Areas in sq*. ii 



X 


6400 



2X 


9800 


53 


Lower Epidermal Cells of Primary Leaves 


Sporophyte 





No. Cells 
Measured 

Lengths in fi 

Difference 



2X 

300 

117.43 =t .97 



4.x 

300 

175.27 ± 1.70 

57.84 ± 1.96 

49 



Widths in p. 



2X 

300 

65.45 ± -45 



4x 

300 

85.05 ± .76 

19.60 d= .89 

30 

2X 


Areas in sq. n 




3646 



4.x 


6252 


71 


A comparison of the results of the measurements of the prothallial cells 
of Aspidium and Woodwardia showed that there was a greater increase in 
area in Woodwardia. As in Aspidium the length of the 2x cells did not 
show as great a change as the width. In neither Aspidium nor Woodwardia 
were the areas of the 2x cells two or three times the areas of normal cells 
a condition reported by Heilbronn (ii) for Polypodium aureum. The area 
of the lower epidermal cqWs ol Woodwardia was enlarged 71 percent as 
compared with 75 percent in Aspidium and 120 percent in Polypodiuni 
A few leaves of the tetraploid sporophytes regenerated to form gameto- 
phytes which probably have the 4X chromosome number. Both archegonia 
and antheridia have been produced on these prothalli. 
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Text Fig. 21. Woodwardia virginica. 
Te.xt Fig. 22. Woodwardia virginica. 



Lower epidermal cells of diploid sporophyte. 
Lower epidermal cells of tetraploid sporophyte. 


Attempts to Produce Ttiploid Sporophytes 
In Woodwardia the production of small male gametophytes and large 
0^0X0 f antheridia made possible an experiment to 

somP r . The regions bearing antheridia were cut off 

time Th ^ 2 x prothalh which had been growing on agar for some 

solution^nT f archegonia. were put in 

solution in a small glass capsule together with male gametophytes having 

the .r chromosome number. After a few hours the large 2x prLalli Tre 

mothlir h "h cultivated. At the end of several weeks each of the 

prothaUi had developed at least one sporophyte. Theoretically the resulting 
spoiophytes should have the 3x chromosome number. Due to the manner 

Ire'tiSo S" '^^tained. it is impossible to be sure that they 

nntl ^ ^ until chromosome counts can be made. The possibility of an 
antheridium on the 2x prothalli being overlooked makes the results un- 
certain although a careful search was made for antheridia before the 2x 
prothalli were put in the capsule. The sporophytes are quite young and 
no measurements have been made on the cells of the leaves. The method 
escribed here for the production of triploid sporophytes can be applied to 
any fern which produces prothalli of this type; that is, prothalli Laring 
antheridia m regions where they can be easily found and removed. It is 
believed that by further experiments along this line triploid sporophytes 
can be developed in several species. 


Summary of Results of Experiments with Woodwardia virginica 
Regenyated prothalli of the typical heart-shaped form were produced 
on young leaves and young roots of diploid sporophytes. The cells of the 
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regenerated prothalli were larger than those of normal prothalli and the 
chromosome number was double that of prothalli grown from spores. 
Sections of 2% prothalli showed the sperm within the egg nucleus. Sporo- 
phytes developed from the sex organs of the 2 x gametophytes. The leaves 
of the resulting sporophytes differed in appearance and were composed of 
larger cells than those of normal plants. The chromosome number was 
the 4x number. The leaves of the 4X plants also regenerated to produce 
prothalli bearing archegonia and antheridia. 

Discussion 

From the large number of Filicales and Bryophytes which have responded 
to experiments on induced apospory, it is evident that it is not a phenomenon, 
peculiar to a few species. Previous to the present work regeneration had 
been induced in the leaves of twelve species of ferns belonging to four 
different families. By the experiments described in this report regeneration 
was obtained in eleven species, ten of which are here reported for the first 
time. Regeneration in Osmunda regalis was also obtained by Goebel (9). 

Species Regenerated 

The following species showed regeneration : 

Pteris cretica var. alho 4 ineata Hook. 

Woodwardia virginica (L.) Sm. 

Asplenium platyneuron (L.) Oakes 

Athyrium filix Jemina var. 

Scolopendrium vulgar e Sm. 

Polystichum acrostichoides (Michx.) Schott 

Aspidium marginale (L.) Sw. 

Cystopteris fragilis (L.) Bernh. 

Woodsia ohtusa (Spreng.) Torr. 

Dicksonia punctilohula (Michx.) Gray 

Osmunda regalis L. 

Regenerated structures were not obtained from the following: 

Pteris aquilina L. 

Camptosorus rhizophyllus (L.) Link. 

Aspidium spinulosum var. intermedium (Muhl.) D. C. Eaton 

Onoclea sensibilis L. 

Osmtmda Claytoniana L. 

The primary and secondary leaves of the embryo and in some species 
the third leaves and the primary roots were capable of growth. Only a 
few attempts were made to regenerate prothalli from older leaves and they 
were unsuccessful. However, Heilbronn (ii) has reported regeneration 
from mature leaves of Polypodium aureum. 

Growth from the leaves was from epidermal cells on either the margin 
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or the surface and from the petiole. The prothalli produced on the roots 
probably came from superficial cells also, but on roots the origin is more 
difficult to determine. The sporophytic buds on. the roots of Woodsia 
grew from cells beneath the root cap. 

Factors Influencing Regeneration 

Although it was found to be very easy to induce regeneration in many 
ferns, very little was learned about the cause or conditions necessary for 
regeneration to take place. Since it is known that external conditions 
influence to a marked degree the growth and development of prothalli 
arising from spores, it is to be expected that the environment plays an 
important role in the formation of prothalli from detached leaves. Two 
different nutrient solutions, Shive’s and Knopf’s, as well as different concen- 
trations of these solutions, were used for some ferns. Leaves were cut not 
only at all seasons of the year but for Woodsia obtusa every month of the 
year. Experiments were made, in three different laboratories: at the 
University of Michigan, at Hunter College, and at the Biological Laboratory 
at Cold Spring Harbor, where there were some variations both in tempera- 
ture and in the amount of light. Not all of the ferns were tried in all three 
laboratories but most of them were grown and regenerated in at least two 
places. 

Two collections of spores from plants growing in different localities were 
made for Aspidium marginale and Asplenium platyneuron. It was not 
found that variations in any of the environmental factors which have been 
mentioned had any definite influence on regeneration. Woodsia was tried 
on different solutions, different concentrations of the solutions, different 
times of the year, and in different laboratories with the same results. 
Filamentous prothalli and sporophytic buds were formed but never heart- 
shaped prothalli. Aspidium marginale, whether from spores collected at 
the Botanical Gardens of the University of Michigan or from Cold Spring 
Harbor, formed heart-shaped prothalli at all seasons and in both the 
laboratories where it was tried. 

Therefore regeneration is not peculiar to particular plants of a species 
and it can take place on different concentrations of different nutrient 
solutions. However, it is necessary to cut the leaves before they are so 
old that they are beginning to lose their bright green color. Cultures 
contaminated with algae did not usually regenerate or if growth did begin, 
the prothalli lived only a short time. Therefore young sporophytes which 
had been grown in pure culture gave the best results, and cultures on 
solution could be kept uncontaminated more easily than those on agar or 
sphagnum. 

Structures Produced by Regenerating Leaves 

The structures produced by the regenerating leaves were of three 
distinct types, although some species produced only two types. A few 
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sporophytes were formed by budding on leaves of Aspidium marginale and 
Asplenium platyneuron; and the buds were very common on the leaves and 
roots of Woodsia ohtusa. The sporophytes produced by these buds re- 
sembled normal plants and the chromosome number was in all probability 
the diploid number. 

Filamentous prothalli were produced as one of the first results of growth 
in the regenerating leaves in nearly all the species studied. In the early 
stages they were comparable to the filaments produced by germinating 
spores but they persisted for a longer time. They bore rhizoids and 
occasionally antheridia. The filamentous stage was persistent in Woodsia 
and the 4:^; prothalli of Aspidium marginale remained filamentous for nearly 
six months instead of becoming heart shaped in a few weeks as the 2 x 
prothalli did. 

Heart-shaped prothalli developed from the filamentous prothalli of 
Aspidium marginale^ Cystopteris fragilis^ Woodwardia virginica, Osmunda 
regalis^ Athyrium filix-f emina var., Pteris cretica var. albo-lineata, Asplenium 
platyneuron, and Polystichum acrostichoides, Pteris produced no sex organs 
and Asplenium and Polystichum only antheridia. All the others developed 
both kinds of sex organs. 

Polyploidy in the Gametophyte Generation 

In two species, Aspidium marginale and Woodwardia virginica, gameto- 
phytes with the 2% chromosome numbers were produced. The evidence 
for the diploid character of these gametophytes depends on chromosome 
counts made in the prothalli grown from spores and in the regenerated 
prothalli. ^ Since the regenerated gametophytes in all the species were 
produced in a similar manner, that is, by regeneration from diploid leaves, 
it is believed that diploid gametophytes were obtained in eleven species of 
ferns. Similarly, gametophytes produced by regeneration from tetraploid 
sporophytes are believed to have the chromosome number. Such 
gametophytes were produced in two species, Aspidium marginale and 
Woodwardia virginica. Fern gametophytes with the chromosome number 
have not previously been produced. 

The regenerated heart-shaped prothalli resembled the normal ones 
except that they were composed of larger cells in all the species in which 
cell measurements were taken. In every species the width of the cells 
showed a greater increase than the length, a fact also observed for Poly- 
pod^um aureum by Heilbronn (ii). Heilbronn states that the area of the 
normal prothalhal cells was to the area of the regenerated as i : 2 and 
often as I ; 3 or I : 4. In no species studied by the writer was so great a 
difference found. The area of the cells of the regenerated prothalli of 
Asptdium showed an increase of 34 percent; those of Woodwardia, 53 
percent. A comparison of these results with the tables of cell sizes for 
regenerated and normal gametophytes of mosses given by Wettstein (24) 
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showed that for some species of mosses the increase was no greater than 
for the species of ferns reported here. 

Polyploidy in the Sporoph3d:e Generation 

It is known that tetraploid plants were produced in two species, 
pidium marginale and Woodwardia virginica. Chromosome counts were 
made in the normal plants and in the plants formed on regenerated prothalli 
of both species and fertilization was observed in the 2 x gametophytes of 
Woodwardia. Therefore there can be no doubt but that the sporophytes 
have the 4^ chromosome number. 

The tetraploid plants of Aspidium and Woodimrdia differed from the 
diploid in the same manner. The irregularities in the leaves were more 
pronounced in Woodwardia. The cells of the primary leaves were much 
larger in both species. The area of the lower epidermal cells of Aspidium 
was 75 percent greater, and those of Woodwardia 71 percent greater, than 
the corresponding cells of the normal plants. Heilbronn (ii) found a 
120 percent increase for Poly podium aureum. No other fern sporophytes 
with the 4x chromosome number have been produced experimentally. 
The difference in size in the epidermal cells of Aspidium was most pro> 
nounced in the length, while in Woodwardia the length and width were 
almost equally enlarged, giving cells of approximately the same shape in 
the tetraploid as in the diploid. 

The measurements made on normal mature plants of Aspidium showed 
no significant difference in size when compared with the measurements 
made on the primary leaves of the same species. Therefore the size of the 
cells in the primary leaf Indicates the size in the leaves of the mature plants 
and it is to be expected that the mature tetraploid plants will be composed 
of cells which are larger than those of the diploid plants. 

Several years are required to produce mature sporophytes. Therefore 
all tetraploid plants are being carefully cultivated in order to bring them to 
the fruiting stage. The events occurring at meiosis will prove interesting 
and a study will be made of spore formation when material is available. 

Apogamy and Apospory 

A discussion of apogamy and apospory as they occur in nature has not 
been attempted in this paper. Apospory induced by removing and culti- 
vating leaves of young sporophytes is the result of unusual cultural condi- 
tions and at present offers no explanation for apospory as it occurs spon- 
taneously. The production of sporangia, epidermal cells, and stomata on 
regenerated prothalli occurred only on a small percentage of the aposporous 
gametophytes. 

Lang (12, 14) has reported the appearance of sporangia on prothalli 
of two species of ferns which were apogamous if fertilization was prevented 
until the gametophytes became very large. The chromosome numbers 


332 


AMERICAN JOURNAL OF BOTANY 


[Vol. 19, 


have not been determined in these ferns. The situation in Aspidium, 
which also produced sporangia on the prothalli in these cultures, differs in 
that the prothalli were not old and fertilization had not been prevented. 
The prothalli studied by Lang were grown from spores, while those of 
Aspidium were produced by regeneration, and had the diploid chromosome 
number. A sporophyte was produced from an archegonium on the same 
prothallus which bore sporangia. 

Induced apospory ordinarily does not change the sequence of events in 
the life cycle. This was found to be true for Poly podium aureum by Heil- 
bronn (ii) and by Wettstein for the mosses (24). Aposporous prothalli 
of Aspidium and Woodwardia which were derived from sexually produced 
sporophytes reproduced sexually; and the aposporous prothalli with the 4.x 
chromosome number were not apogamous. On the other hand, Pteris 
cretica var. alboAineata was always apogamous and the regenerated pro- 
thallus from that species was apogamous. 

Summary 

1. Apospory was induced in eleven species of ferns. 

2. The aposporous gametophytes of five species were heart-shaped, 
and bore both archegonia and antheridia. The cells of the aposporous 
gametophytes were larger than the cells of gametophytes grown from spores. 

3. Some ferns produced sporophytic buds and filamentous prothalli on 
the detached leaves. The sporophytes originating from the buds resembled 
normal plants. 

4. The aposporous prothalli of Aspidium mar ginale and Woodwardia 
virginica produced sporophytes from the sex organs. Fertilization was 
observed in Woodwardia, Chromosome counts showed that these plants 
were tetraploids. 

5. The leaves of the tetraploid sporophytes were abnormal in appearance 
and were composed of larger cells than the leaves of the diploid sporophytes 
of the same species. 

6. Apogamy does not necessarily follow induced apospory. 

7. Pteris cretica var. alho-lineata was normally apogamous and a re- 
generated prothallus of this fern was also apogamous. 

8. Some of the regenerated prothalli of Aspidium mar ginale bore 
sporangia and some contained stomata, epidermal cells, and tracheids 
together with prothallial cells. 

9. Sporophytes of Woodwardia virginica which probably have the tri- 
ploid chromovsome number were produced by crossing 2x plants with x 
plants. 

10. Gametophytes which were believed to have the 4x chromosome 
number were produced by regeneration from the leaves of Aspidium 
Woodwardia. The 4x prothalli produced both archegonia and antheridia. 
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This work was completed in the Botanical Laboratory of the University 
of Michigan under the direction of Dr. Carl D. LaRue who suggested the 
problem and to whom the writer wishes to express her sincere appreciation 
for assistance during the course of the investigation. 

Hunter College, 

New York City 
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THE FULL-CYCLE PUCCINIAS ON ONAGRACEAE IN 
NORTH AMERICA ^ 

George B. Cummins 

(Received for publication September 28, 1931) 

During an examination of the collections of Puccinia Epilobii-tetragoni 
(DC.) Wint. on Onagraceae in the Arthur Herbarium it became evident 
that the assignment of synonyms and hosts in the North American Flora 
could scarcely represent the facts. The grouping was originally presented 
by Bisby (1916). The present paper is an attempt to delimit, chiefly on 
morphologic grounds, the many North American forms and is essentially 
the scheme adopted by Holway (1907). There is considerable divergence 
from the species conception of Bisby, and of Arthur (1920). 

The abundant material now available makes possible a more exact 
assignment of hosts. In some cases the descriptions of telia and teliospores 
are emended to correspond to facts derived from microscopic studies. 

The Aggregate Species P. Epilobii-tetragoni 

Puccinia Epilobii-tetragoni as treated by Bisby includes all of the 
autoecious full-cycle forms of the genus Puccinia known to occur on ona- 
graceous hosts in North America. His list of synonyms contains thirty 
names and the species is given as utilizing eleven host genera and many 
species. Sydow (1904) recognized, in the same group, nine species and 
Holway five. The present writer by considering Puccinia heterantha Ellis 
& Ev. as synonymous with P. Oenotherae Vize accepts as valid morphologic 
species the following: P. Oenotherae Vize, P. glabella Holw., P. Gayophyii 
Billings, and P. Epilobii-tetragoni (DC.) Wint. 

Morphology of the Sori and Spore Forms 

Pycnia are of small systematic use in this group of species. They 
occur throughout, most abundantly in P. Oenotherae, especially on Taraxia 
(P. heterantha), YdccidhXe but usually few in P. Epilobii-tetragoni, and 
doubtfully in P. Gayophyti. Pycnia and aecia are unknown in P. glabella. 

It seems fairly certain that the known collections of aecia on Epilobium 
having abundant pycnia belong to the heteroecious species, Puccinia 
Veratri Duby. 

Aecia are likewise of little help but like the pycnia are useful in separating 
Epilobium collections. The aecia of P. Epilobii-tetragoni, aside from being 

^ Contribution from the Botany Department, Purdue University Agricultural Experi- 
ment Station, Lafayette, Indiana. 
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accompanied by few pycnia, are smaller than those of F, Veratri and appear 
in early spring rather than in summer. 

The urediniospores are so nearly alike as to yield no satisfactory basis 
for determinations; in all species they are obovoid, globoid, or often oblate- 
spheroid, and measure 14-19 by 19-26 /x. The pores are two and always 
approximately equatorial, the wall variable but between 2 and 3 ju, the 
marking and color quite constant throughout. If emphasis is placed on 
urediniospores or aeciospores there is justification for such a species grouping 
as urged by Bisby. 

If the emphasis given the teliospore is the same as that accorded the 
urediniospore in this group, the decision will surely be different. The type 
of telium, the teliOvSpore size, wall marking, apical thickening, germ-pore 
location, and type of pedicel provide definite and easily observable characters 
for the onagraceous Puccinias. Lindroth (1902) in his study of the rusts 
on Umbelliferae concluded that the teliospores were of first importance in 
properly showing relationships in that group of rusts and pointed out that 
little use had been made of the pore location. 

The species descriptions as given by Holway are generally accurate. 
The teliospore wall markings are not correctly given in P. Gayophyti^ which 
he describes as smooth. A careful examination of many collections reveals 
that this is rarely if ever true. The wall is minutely rugose or more often 
noticeably reticulate, most readily seen in ten percent sodium hydroxide 
solution, a mounting medium which has been found to be very satisfactory 
for examination of teliospores with fine wall markings. Examination should 
follow immediately after mounting, as the wall swells quite rapidly and 
soon obscures its markings. 

Brief discussions of each of the four species follow. On account of 
their uniformity, as previously stated, the pycnia, aecia, and uredinia are 
not included in the discussion of the species. 

I. PucciNiA Oenotherae Vize 
Grev. 5: 109. 1877 

Puccinia Boisduvaliae Peck, Bot. Gaz. 7: 45. 1882. 

Puccinia Clarkiae Peck, Bull. Torrey Club ii: 49. 1884. 

Puccinia heterantha PWis & Ev., Erythea i: 204. 1893. 

Puccinia Eulobi Diet. & Holw., Erythea i: 249. 1893. 

Puccinia Sphaerostigmatis Diet. & Neg., Bot. Jahrb. Engler. 22: 353. 
1896. 

Puccinia Zauschneriae Syd., Monogr. Ured. i: 435. 1903. 

Telia amphigenous, sometimes caulicolous, pulvinate, compact or rarely 
pulverulent, chocolate or blackish-brown; teliospores (text fig. i) ellipsoid 
or oblong-clavate, 16-24 by 27~55 rounded or rarely acute a&ve, rounded 
below, slightly constricted at septum; wall 1-3 /x thick at sides, thickened 
3-13 M above, chestnut-brown, smooth; pore of upper cell usually apical, 
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of lower cell at septum; pedicel hyaline or slightly tinted, usually long and 
persistent but sometimes short and largely fragile. 

Hosts: Boisdumlia densiflora (Lindl.) S. Wats., Calif., Wash. — B, 
parviflora A. Heller, Ida. — B, salicina (Nutt.) Rydb., Ida., Ore., Wash. — 
B. sparsiflora A. Heller, Calif. — B. stricta (Gray) Greene, Ore. — Chylisma 
cardiophylla (Torr.) Small, Calif. — C. hirta A. Nels., Nev. — Clarkia amoena 
(Lehm.) Nels. & Macbr., Calif., Ore. — C. biloba (Durand) Nels. & Macbr., 

0 


1 

Text Fig. i. Teliospores of Puccinia Oenotherae showing the smooth, chestnut- 
brown spore-wall, much thickened at the apex. Germ pores in both cells are apical and 
the pedicel is typically long and persistent as shown. X 625. 

Text Fig. 2. These smooth-walled, cinnamon-brown teliospores are characteristic 
of Puccinia glabella. The apex is slightly thickened by a differentiated umbo, the pedicel 
is short and fragile and the pore of the lower cell is at or near the septum. X 625. 

Calif.—C. degans Dough, Calif.— C. epilobioides (Nutt.) Nels. & Macbr., 
Nev., Wash. — C. pulchdla Pursh, Ida., Ore., Wash. — C. rhomboidea Dough, 
Calif., Wash. — C. superba Nels. & Macbr., Calif. — C. sp.^ Calif. — Epilobiwn 
minutum Lindl. , Calif., B. C. — Eulobus californicus Nutt., Calif. — Oenothera 
strigosa (Rydb.) Mackenzie & Bush, Mont., W osh-.—Sphaer 0 stigma alys- 
soides (H. 8c A.) Walp., Calif., Ida. — S. andinum (Nutt.) Walp., Ida., 
Wash.— 5. (Nutt.) Walp., Calif. — S. Boothii (Dough) Walp., Ore., 

Wash.— 5. contortum (Dough) Walp., Calif., Wash.— 5. decorticans (H. & A.) 
Small, Calif. — S, dentatum (Cav.) Walp., Ore. — S. hirtellum (Greene) 
Small, Calif.— 5. micranthum (Hornem.) Walp., Calif. — S, pubens (S. Wats.) 
Rydb., Calif. — S. spirale (Lehm.) Walp., Calif. — S, utahensis Small, Utah 
— S. Veitchianum (Hook.) Small, Calif. — S, viridescens (Lehm.) Walp., 
Calif. S, sp., Ariz., Calif. — Taraxia breviflora (T. & G.) Nutt., Mont. — 
T. graciliflora (H. & A.) Raim., Calif. — T, longiflora Nutt., Nev. — T. ovata 
(Nutt.) Small, Calif. — T. subacauUs (Pursh) Rydb., Colo., Ida., Mont., 
Nev., Utah, Wyo. — T. sp., Nev. — Zauschneria californica Presh, Calif. — 
Z. Garrettii A. Nels., XJtSih. 

The inclusion here of P. heterantha on Taraxia is not in accord with 
Holway’s treatment. It is a smooth-walled form with the general size 
range and wall color of the other forms of P. Oenotherae^ but the teliospores 
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are slightly shorter and broader, 19-26 by 30-45 It often differs from 
collections on other hosts in having an apex usually only slightly thickened 
and a fragile pedicel. In addition, the upper pore often lies below the 
thickened apex. Pycnia are more abundantly formed than on other hosts. 
The present writer considers it best to include it with P. Oenotherae. 

2. Puccini A glabella Holw. 

N. Am. Ured. i : 76. 1907 

Telia amphigenous, at first covered by the gray epidermis, early pulveru- 
lent, dark cinnamon-brown; teliospores (text fig. 2) oblong, 14-19 by 
24-"34 usually rounded above and below, slightly constricted at septum *, 
wall 1-2 11 thick at sides, thickened 2-3.5 M above by a semi-hyaline, differ- 
entiated umbo, smooth, cinnamon-brown; pore of the upper cell apical, of 
lower cell at or near septum; pedicel hyaline, very short and fragile. 

Hosts: Boisduvalia glabella (Nutt.) Walp., Ore., Nev. 

This rust when originally described was considered by Holway as ''a 
very different thing” from P, Boisduvaliae Peck (P. Oenotherae^ as here 
considered). Bisby admits that Holway was justified in his view but still 
places it with his P. Epilobii-tetragoni. It is known on only the one host, 
which it shares with P. Epilobii-tetragoni proper. The teliospores of P. 
glabella are smooth-walled but of lighter wall color, more fragile pedicel, 
and considerably smaller size than P. Oenotherae, The apex is distinctly 
umbonate, not merely thickened. In general size and morphology of the 
telia and teliospores P. glabella approaches the next two species to be 
considered but differs from both in having teliospores with a smooth wall 
and from P. Epilobii-tetragoni, in addition, in the location of the germ pore 
of the lower teliospore cell, 

3. PucciNiA Gayophyti Billings 
U. S. Geol. Expl. 40th Par. 5: 414. 1871 

Puccinia Gayophyti Peck, Bot. Gaz. 7: 56. 1882. 

Puccinia Gayophyti Speg., Anal. Mus. Nac. B. Aires III i : 63. 1902. 






Text Fig. 3. The teliospores of Puccinia Gayophyti are dark cinnamon-brown with 
short fragile pedicels. The wall is obscurely rugose or reticulate with a differentiated 
umbo over the pore of the upper cell at the apex and over the lower pore at the septum. 
X 625. 

Text Fig. 4. Teliospores of Puccinia Epilobii-tetragoni showing the dark cinnamon- 
brown, verrucose wall. The wall is thickened over the apical pore and over the pore of 
the lower cell near the pedicel by a differentiated umbo. The pedicel is short and fragile. 
X 625. 
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Telia amphigenous, scattered but often confluent over the entire leaf 
surface, chocolate-brown ; teliospores (text fig. 3) ellipsoid, 16-23 by 27-40 
rounded above and below, slightly constricted at septum; wall 1.5-3 M 
thick at sides, thickened 3-6 ijl above by a semi-hyaline, differentiated 
umbo, finely rugose or noticeably reticulate, dark cinnamon-brown; pore 
in upper cell apical, in lower cell at septum; pedicel short, hyaline, fragile. 

Hosts: Gayophytum caesium T. & G., Ida., Nev., Utah, Wash., Wyo. — 
G. diffusum T. & G., Calif., Ida., Utah. — G, Helleri Rydb., Ida. — G. lasio- 
spermum Greene, Utah. — G. Nutiallii T. & G., Ida. — G. pumilum S. Wats., 
Calif., Ida. — G. racemosum T. & G., Ariz., Colo., Ida., Wyo. — G. ramosis- 
simum T. & G., Calif., Colo., Ida., Mont., N. M., Ore., Utah, Wyo. — 
G. sp., Calif., Colo., Ore., Utah, Wyo. 

In the original description no note is made as to teliospore-wall marking, 
but the teliospore wall has generally been considered to be smooth. Bisby, 
however, found the wall often to be verrucose, while the writer considers 
it to be most often reticulate, and only rarely is it smooth. 

In size the teliospores approach P. glabella (16-23 by 27-40 u) and are 
smaller than P. Oenotherae. The rugose-reticulate wall, however, is suffi- 
cient to delimit P. Gayophyti from P. glabella. The pore of the lower cell 
is always at the septum, a character which is sufficient to distinguish 
P. Gayophyti from P. Epilobii-tetragoni proper. 

4. PucciNiA Epilobii-tetragoni (DC.) Wint. 

Rabenh.-Wint. Krypt. FI. i: 214. 1881 

Uredo vagans a Epilobii tetragoni DC., FI. Fr. 2: 228. 1805. 

Puccinia pulverulenia Grev., FI. Edin. 432. 1824. 

Puccinia intermedia Diet. & Holw. Bot. Gaz. 18: 254. 1893. 

Telia amphigenous, early pulverulent, often confluent, chocolate-brown; 
teliospores (text fig. 4) ellipsoid or somewhat oblong, 14-21 by 26-38 ^t, 
rounded above and usually below, slightly constricted at septum; wall 
1. 5-2. 5 fx thick at sides, thickened 3-7 u above by a semi-hyaline differenti- 
ated umbo, dark cinnamon- or chestnut-brown, finely rugose or verrucose- 
reticulate, often appearing striolate; pore of upper cell apical; pore, or two 
pores, of lower cell midway to the pedicel or below; pedicel hyaline, short, 
fragile. 

Hosts: Boisduvalia glabella (Nutt.) Walp., Ida. — B. stricta (Gray) 
Greene, Ore. — Chylisma scapoidea seorsa A. Nels., Ida. — Epilobium adeno- 
caulon Hausskn., Mont., N. M., Wash, — E, americanum Hausskn., Ida., 
Wash. — E. francescanum Barbey, Calif. — E. jucundum A. Gray, Wash. — 
E. minutum Lindl., Ore. — E. paniculatum Nutt., Calif., Colo., Ida., Mont., 
Nev., N. D., Ore., S. D., Utah, Wash., Wyo. — E. sp.^ Colo., Ore., Wash., 
Wyo., Sask. — Gayophytum diffusum T. & G., Ida. — G. racemosum T. & G., 
Ariz., Colo.— C. ramosissimum T. & G.„Wash.— C. sp., Ariz., Colo. 

As the description indicates, this species is similar to P, Gayophyti but 
differs in the position, and quite often the number, of the germ pores of the 
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lower teliospore cell, as pointed out by Holway. Bisby agrees that this 
distinction holds in general but did not consider it as absolutely constant. 
The writer has found that it is an entirely dependable character. 

The list of hosts assigned to this species differs from those of previous 
writers in that while it occurs largely on Epilohium it is also considered to 
occur sparingly upon Boisduvalia glabella, Chylisma scapoidea seorsa, and 
three species of Gayophytum. This overlapping of hosts undoubtedly 
influenced Bisby in his opinion that these rusts are too intergrading to be 
worthy of specific rank. 

Summary 

1. Puccinia Epilohii-tetragoni, as treated in the North American Flora, 
is divided into four species, P. Oenotherae Vize, P. glabella Holw., P. Gayo- 
phyti Billings and P. Epilobii-tetragoni (DC.) Wint. 

2. Puccinia Oenotherae has teliospores measuring 16-24 by 27-55 
The teliospore-wall is chestnut-brown, smooth and thickened 3-13 }x above. 
The germ pore of the upper cell is apical, of the lower cell at the septum. 
The pedicel is long and usually persistent. 

3. The teliospores of P. glabella measure 14-19 by 24-34 The wall is 
cinnamon-brown, smooth and thickened 2-3.5 M at the apex by a differenti- 
ated umbo. The germ pore of the upper cell is apical, of the lower at or 
near the septum. The pedicel is short and fragile. 

4. The teliospores of P. Gayophyti measure 16-23 by 27-40 fjc. The 
wall is dark cinnamon-brown, finely rugose or reticulate and thickened 
3-6 jjL at the apex by a differentiated umbo. The germ pore of the upper 
cell is apical, of the lower at the septum. The pedicel is short and fragile. 

5. The teliospores of P. Epilobii-tetragoni are similar in size and wall 
characters to those of P. Gayophyti but the pore of the lower cell is near 
the pedicel, which is short and fragile. 

6. Host and localities are given for each of the species. 

The writer wishes to thank Dr. J. C. Arthur for many helpful suggestions. 

Purdue University, 

Lafayette, Indiana 
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CHROMOSOME BEHAVIOR IN TRIPLOID PETUNIA HYBRIDS ^ 

William Campbell Steere 
(Received for publication October i, 1931) 


Introduction 

During the summer of 1928, several species and a large number of 
horticultural varieties of Petunia were grown at the Botanical Gardens of 
the University of Michigan, for cytological and genetical investigation. 
The seed was obtained from various commercial sources and through the 
kindness of a number of Botanical Gardens and individuals. 


The large flowered forms commonly known as “California Giants,” 
“Diener’s Monsters,” etc., wei'e of especial interest, since they appeared 



to be typical gigas forms. Because of the unusually large and fleshy 
flowers and leaves, combined with the large stature of the plant, they were 
assumed to be tetraploids, .since Vilmorin and Simonet (54) had reported 
that such types exist in the genus. Later in the season, the tetraploid 
nature of the gigas types was established. 

With the possibility in mind of producing triploids, reciprocal crosses 
were made between tetraploid and diploid types, but very little seed was 
produced, and none germinated. 

During the summer of 1929, the reciprocal crosses were repeated between 
diploids and tetraploids on a larger scale than the previous year. A pure 
strain of P. axillaris (Lam.) BSP. (P. nyctaginijiora Juss.), which has white 
flowers and yellow pollen, was used as the diploid parent (PL XXIII, fig. 2). 
As parthenogenesis has occasionally been reported in the Solanaceae, strains 
of tetraploids with dark colored flowers and blue pollen w^ere chosen as the 
other parent. From these crosses, large amounts of seed were secured, 
especially from the cross diploid 9 X tetraploid cf . 

The Fi plants of the reciprocal crosses were grown and examined during 
the summer of 1930. Unexpectedly large progenies were secured from the 
diploid 9 X tetraploid cf cross, a total of 1348 plants resulting from the 
contents of about fifteen seed capsules. In each of two cultures there were 
nearly 500 plants, and the remaining cultures contained somewhat smaller 
numbers. Approximately half of these plants were intermediate in size 
between the two parents, while the rest resembled the diploid plant almost 
exactly in stature and habit. The flower color of each parent was repre- 
sented in the progeny, as well as intermediate shades. 

It was not believed likely that so many triploids could be obtained, and 
subsequent examination of random plants has shown that apparently they 
^ Papers from the Department of Botany, University of Michigan, number 365. 

340 


Apr., 1932] 


STEERE — PETUNIA CHROMOSOMES 


341 


are normal diploids. They cannot have arisen parthenogenetically, but 
must have contained a certain number of chromosomes contributed by the 
pollen parent, as the resemblance in habit and flower color showed. Differ- 
ent proportions of each set of parental chromosomes were apparently 
present in these Fi plants, since there was such a wide range of variation, 
especially as one of the parents (P. axillaris) is known to be a pure strain. 
The cytology and genetics of this cross will be reported later. 

The Triploid Material 

The F] generation from tetraploid 9 X diploid cf cross was quite 
different in appearance and chromosomal constitution from the progeny 
of the reciprocal, previously described. Out of a large amount of seed, 
only 16 plants appeared, belonging to two different cultures. By exami- 
nation of the pollen mother cells of these plants in aceto-carmin they were 
all found to be triploids. 

One of the cultures consisted of eleven plants which were the progeny 
of a tetraploid with deep red flowers and blue pollen, pollinated by P. 
axillaris. This group, hereafter designated as culture 264, showed great 
variation among the plants, not only in color and size of flowers, but in 
growth habit and stature as well. 

According to their appearance, these individuals fitted rather clearly 
into three classes. Five plants (2, 4, 5, 8, ii) resembled the tetraploid 
in their large fleshy habit, although the flowers were not so massive. The 
flowers were of the same shape as those of the diploid parent, three being 
of the same color (white), and two were of a deep red-purple color (PL 
XXIII, fig. 5). 

Four plants (3, 6, 9, 10), all very similar in appearance, seemed to 
show more of the paternal characters than the preceding class. The habit 
of the plants and the size and shape of the flowers were all very similar 
to those of the pollen parent, but the flowers, instead of being white, were 
reddish-purple with blue pollen (PI. XXIII, fig. 4). 

The last class consisted of two individuals (i, 7) of an unexpected and 
unexplained character. Instead of being intermediate between the two 
parents in size and general appearance, these plants were almost exactly 
similar to the pollen parent, but very noticeably smaller, otherwise differing 
only in having blue pollen (PL XXIII, fig. 3). 

The other triploid culture consisted of five plants and was secured by 
pollinating a pink-flowered tetraploid (PL XXIII, fig. i) with pollen from 
P. axillaris. This group of plants will be referred to subsequently as 
culture 266. There was less variation among the individuals of this group 
than in the preceding one, and the plants resembled the tetraploid parent 
in size and general habit more than they did the diploid. One plant (4) 
was especially close to the tetraploid type in appearance, except that the 
flowers were somewhat smaller and light purple in color (PL XXIII, fig. 6). 
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The remaining plants resembled P. axillaris in flower shape, but were 
considerably larger and more fleshy in all respects, and had blue pollen. 
Two plants (3, 5) had purple-pink flowers, whereas two had the white 
flowers characteristic of the diploid parent. 

In addition to the sixteen triploid plants just described, the author was 
kindly permitted to study a group of nine triploid individuals in the cultures 
of Dr. E. E. Dale, who had also made the tetraploid X diploid crosses. 
These nine plants were also examined cytologically and found to be char- 
acteristic triploids. The whole group of twenty-five different triploids 
supplied abundant cytological material, upon which this paper is based. 

All of the triploid plants were found to be self-fertile, and also to set 
seed when pollinated by either parent. Most triploids have been reported 
to be completely self-sterile, and sterility has come to be considered typical 
of them. 

Cuttings made from each triploid plant are maintained at the University 
of Michigan Botanical Garden. Back crosses and progenies secured by 
self-pollination are being investigated. 

Methods 

For counts of somatic chromosomes, root tips and styles were fixed in 
Taylor’s modification of Flemming’s chrom-osmo-acetic mixture (51), which 
was found to be superior to several acetic-alcohol fixatives tried at the same 
time. Most of the cytological studies were of microsporogenesis. The 
anthers were fixed as follows: Several terminal branches bearing flower buds 
were removed and kept fresh by wrapping in moist towelling. One anther 
from each flower bud was examined in aceto-carmin, and if satisfactory 
stages were found, the remaining anthers were fixed. Thus much labor 
was saved, since nearly all the fixed material exhibited the desired stages 
of meiosis. Immediately after being placed in the fixing solution the anthers 
were cut into small pieces with a sharp scalpel in order to facilitate rapid 
penetration. 

The root tips, styles, and anthers were then dehydrated, cleared, and 
imbedded in paraffin. The series of mixtures of butyl and ethyl alcohols 
for dehydrating and clearing suggested by Zirkle (56) was tried and found 
to be perfectly satisfactory. Sections were cut sufficiently thick to include 
entire cells, and stained by Newton’s gentian-violet and iodine method (39). 

For permanent records of chromosome counts, smears were made. 
Many were fixed in Taylor’s modification of Flemming’s solution, and 
stained in gentian violet. Others were fixed and stained in aceto-carmin, 
dehydrated in glacial acetic acid and absolute alcohol mixtures, cleared in 
an equal mixture of xylene and absolute alcohol, and mounted in balsam. 
This method, as previously described (Steere, 50), is rapid and quite satis- 
factory for chromosome counts. 
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Cytological Results 

So far as known, the basic haploid number in the genus Petunia is 
seven, which has been found in all the pure species yet examined. This 
number has been reported for P. violacea Lind. (Ferguson, 9, 10; Skalinska 
and Cuchtman, 48; Malinowski, 34; Vilmorin and Simonet, 52; and others), 
P. axillaris (Lam.) BSP, (P. nyctaginiflora Juss.) (Ferguson, 10), and 
P. Parodii Steere (Steere, 49). P. inflata Fries, which was also examined, 
showed seven pairs of chromosomes during the reduction division. 

On account of its almost complete self-sterility, the true P. violacea is 
extremely hard to keep under cultivation, so that very few living specimens 
of the pure species are now in existence outside of their natural range. 

The commercial P. violacea,'' which includes the common garden types, 
has been derived from crosses among P. violacea, P. axillaris, and P. inflata, 
so that it is a composite of two or three species, certain characteristics of 
each appearing in varying degrees in different strains. A horticultural 
name, P. hybrida, has been applied with considerable aptness. 

Seeds of P. '^violacea" secured from various botanical gardens gave 
strains of P. hybrida, P. inflata, or other species. The author has not as 
yet been able to secure a satisfactory pure strain of P. violacea, even after 
a continued search. It is therefore strongly suspected that many of the 
studies of nominal ‘‘P. violacea" have actually concerned either a closely 
related species or a hybrid. The latter alternative is the more probable 
for the reports of irregular meiosis, such as non-reduction, the production 
of microcytes, and similar phenomena, since these are characteristic mani- 
festations of hybridity. The reports of loose pairing or no pairing of the 
chromosomes also suggest a strongly heterozygous or hybrid condition. 
From descriptions of the material, P. hybrida can frequently be recognized 
as having been used. 

Of the three pure species in the author’s cultures, P. axillaris, P. inflata, 
and P. parodii, the first was selected for the production of triploids because 
of the very regular type of meiosis, the large size of plants and flowers, 
and the high degree of self-fertility. This species has also been kept in 
culture longer and was known to be relatively pure genetically. 

Cytology of the Diploid P. axillaris 

The somatic divisions in the root tips of P. axillaris are very regular, 
the 14 chromosomes being easily counted at metaphase (text fig. i, A), 
No great size differences among the chromosomes are evident, and no 
constrictions, satellites or other distinctive morphological characters were 
found. 

Skalinska and Cuchtman (48) have reported that certain polymorphic 
races of P. ''violacea" show great variability in the size and shape of the 
somatic chromosomes. They further found that satellite-like bodies are 
sometimes present in the tissues of zygomorphic flowers, and are lacking in 
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normal flowers on the same plant. Malinowski (34) has investigated a 
similar race of P. ''violacea'' which has both large and small variegated 
flowers on the same plant, and reports that large chromosomes are found 
in the large flowers, and small ones in the small flowers. He concludes 
that “variegation is connected in Petunia with the size of the chromo- 
somes.” 

These remarkable findings were not observed in P. axillaris^ in which 
the behavior of the somatic chromosomes is very regular. 



Text Fig. i. Somatic chromosomes from root-tip cells. . 4 , Petunia axillaris {2% — 14); 
5 , Triploid form of P. hybrida (2n = 21); C, Tetraploid P. hybrida {2n = 28). 


The regularity characteristic of mitosis continues throughout meiosis 
in P. axillaris. At diakinesis the chromosomes are closely paired, some 
side by side, others end to end, into seven gemini. The loose pairing 
ascribed to P. ''violacea'' by various workers was not observed in P. axillaris. 
The first division is very regular, and no instances of non-disjunction or 
unequal distribution of chromosomes were seen. The homotypic division 
is also regular and no abnormalities were seen in the large number of pollen 
mother cells examined. The tetrads are normal and without microcytes, 
and produce very few sterile pollen grains. 

Matsuda (35) describes and figures a number of anomalous cytological 
conditions in P. “wokrea,” the most noteworthy of which are (i) the 
gemini at diakinesis are often joined together, sometimes into a complete 
ring, (2) in the early homotypic division the chromosomes may again 
become arranged in a ring, (3) during the homotypic division a darkly 
staining body “believed to be siderophile matter” was seen between the 
two spindles. These phenomena are undoubtedly caused by slow or faulty 
fixation. The anthers of P^toia species are protected by a heavy layer 
of cutin, which prevents the fixative from penetrating rapidly, so that the 
locules must be cut open in order to secure good fixation. The author has 
observed the same conditions described by Matsuda in anther locules which 
were not cut into during fixation, and into which the fixative penetrated 
very slowly. The remaining irregularities reported, as loose pairing of 
chromosomes, with the consequent appearance of univalents, lagging 
chromosomes, unequal distribution of chromosomes in either division, the 
formation of restitution nuclei, suppression of one or both divisions, with 
the production of monads, diads, triads, etc., are all believed to be due to 
the hybrid condition of the material. 
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Cytology of the Tetraploid P. hybrida 

The strains of gfga^-type petunias which are sold under various trade 
names, such as '‘California Giants,” “Diener’s Monsters,” etc., arose 
spontaneously over 40 years ago. According to Bailey (i) they have been 
derived from one plant which appeared suddenly in the cultures of Mrs. 
Thomas Gould at Ventura, California, in 1888. Although this was probably 
not the first tetraploid mutation in Petunia, it was at least the first which 
received attention and which was cultivated as a new type. 

Two other tetraploid mutants have appeared very recently. Kostoff 
(25) reports the spontaneous appearance of a larger plant in a culture of 
diploid plants. The mutational form blossomed over a week earlier than 
the other plants, and show'ed other physiological and morphological differ- 
ences. Cytological examination of the root-tips showed 28 diploid chromo- 
somes. The rediction division was found to be very irregular, and only 
about 50 percent of the pollen proved to be fertile. Furthermore, the 
plant was entirely self-sterile. When pollen from a diploid plant was used? 
however, seed was obtained. Among the progeny of this cross appeared 
sixteen plants which also were found to be tetraploids but which differed 
considerably from the maternal parent in appearance, and produced only 
about two percent of sterile pollen (Kostoff and Kendall, 26). The meiotic 
process was much less irregular in the Fi tetraploid progeny, the chromosome 
complex having been stabilized in some way. Other aberrant types also 
appeared among the progeny of this cross. 

Dermen (7) also reports the sudden appearance of a tetraploid Petunia 
in a diploid population. It had very large flowers and leaves, but when 
self-pollinated, it gave both large-flowered and small-flowered tetraploids, 
.showing that it was heterozygous for flower size. 

Gigantism is often regarded as a consequence of the doubling of the 
chromatic material, but there is a possibility that concomitantly with 
doubling of the chromosomes there may sometimes be mutations of factors 
affecting size. The author has in his cultures tetraploids which are ex- 
tremely large and fleshy as well as some which can be distinguished from 
diploids only with difficulty. On the other hand, diploid forms exist which 
almost exactly resemble tetraploids, and are hard to distinguish from them 
without careful examination. The large size of tetraploids is believed to 
be in part independent of the chromosome doubling, and so is a genetic 
rather than a physiologic expression. 

Among the commercial tetraploid strains, a great deal of variation in 
cytological behavior was noticed. A few strains showed considerable 
aberration, the whole meiotic process being disturbed, much as in the 
tetraploid mutation described by Kostoff. In general, however, sporo- 
genesis in the tetraploids is entirely regular, as in the diploid P. axillaris. 
This is to be expected, for although the tetraploid arose from a hybrid, 
the doubling of the chromosome sets provided a duplicate or homologue 
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for each member of the set, so that complete pairing was possible. The 
same phenomenon was observed in hybrids between Brassica and Raphanus 
by Karpetschenko (21), who found that even though meiosis in the original 
hybrid was very irregular, with complete lack of pairing of the chromosomes, 
unequal segregation, etc., the same process in tetraploid hybrids was quite 
regular, since the two homologous sets from each parent were present, and 
paired inter se. 

C3rtology of the Triploid Hybrids 

The somatic chromosomes were counted in the root tips and styles of 
16 triploid specimens, and each plant was found to have the expected 
number of 21. The mitotic divisions are very regular, and no abnormalities 
were observed in the distribution of the chromosomes. As in the other 
forms studied, no striking size or morphological differences were visible 
among them. The dissimilarity of appearance of root tip chromosomes 
and those found in the somatic tissues of the young flowers is worthy of 
note. The root tip chromosomes are longer, more slender, and show more 
definite differences in size and shape. The chromosomes in the meristematic 
tissue of the flower are much condensed, and show very little difference in 
size among them. (Compare text figure i with figure i of Plate XXIV.) 

Meiosis was found to be very similar in all the individuals. The meiotic 
process is surprisingly regular, considering the unbalanced chromosome 
complement. A detailed study of the prophases was not made, although 
some stages were examined. Paired threads were sometimes seen, but three 
parallel threads were never observed. 

At early diakincvsis the chromosomes are regularly united into sets of 
three (PI. XXIV, fig. 2). Although one or two of these trivalent chromo- 
some complexes may break up during late diakinesis, there are usually 
seven trivalents at the heterotypic metaphase (PI. XXIV, figs. 3-6). This 
normal organization of the total chromosome complement into trivalents 
is very unusual, and has hitherto been reported in very few plants. In the 
majority of triploids so far known, only a partial production of trivalent 
chromosomes has been reported. In only a few instances have triploids 
without any trivalents at all been reported, notably in hybrid forms, 
which show only bivalents and univalents at diakinesis. 

Dermen (7) has recently reported upon triploidy in Petunia, but since 
two hybrid forms were used as parents, the cytological behavior of his 
triploids was much less regular. For example, he did not find a complete 
association of all the chromosomes into trivalents. 

In the author’s triploid petunias, the chromosomes making up the 
trivalents are united in different ways, straight chains of three being the 
most common union, showing that several sets of three are closely homolo- 
gous. Commonly, the third member is attached at one point of union of a 
pair. Sometimes the third member is attached to both members of a 
separated pair, as though the terminal chromosomes of a chain of three 
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had started to pair together. These and other variations are shown in 
Plate XXIV, figures 3--5. Apparently there is not much constancy as to 
the proportion of each kind of trivalent in different microsporocytes. This 
inconstancy of arrangement of the chromosomes into trivalents is well 
illustrated by a trisomic mutation under investigation in which the extra 
chromosome is found united in a number of ways with its two homologues. 

Two chromosomes from each trivalent normally pass to one pole, and 
the third to the opposite pole (PL XXIV, figs. 7-8). Distribution of single 
and paired chromosomes is entirely at random, so that the expected segre- 
gation of ten and eleven chromosomes generally occurs. No great size 
differences are apparent among the constituent members of any trivalent, 
so that the paternal and maternal chromosomes are apparently of the same 
size. Thus the chromosomes of the gigas or tetraploid type are concluded 
to have just as much chromatin as those of the diploid. The individual 
chromosomes are almost spherical or elliptical, and all of approximately 
the same size. No distinctive morphological characters are visible, al- 
though, as mentioned before, there is some variation in the type of con- 
nection between the three chromosomes in each set. 

Counts are difficult during the first division, since the chromosomes are 
crowded together, and further, it is often difficult to distinguish between 
bivalents and univalents. 

When the nuclear walls appear around the disc-shaped telophasic 
chromosome group, the individual chromosomes do not undergo a complete 
reorganization and form a spireme, but remain separate and distinct 
throughout the interkinetic period. They become gradually distributed 
throughout the new nuclear cavities, which grow larger and change in 
shape from hollow discs into hollow spheres (PI. XXIV, figs. 12-13, PI- 
XXV, figs. 1-2). The chromosomes parallel these changes in nuclear size 
and shape by very characteristic alterations in their appearance. The 
occasional pairs of chromosomes which arrived at the poles still intact, 
now disjoin, and the component parts become entirely distinct. The 
nuclei at this stage are very large and nearly fill the sporocyte (PI. XXV, 
fig. i). That the interkinetic phase persists for a relatively long period is 
manifested by the large number of preparations which show this stage. 

The individual chromosomes begin to exhibit signs of the coming 
homotypic division by a characteristic constriction at the center, and a 
change in shape. They assume, gradually, a dumb-bell form, or more 
rarely the form of a short-armed cross (PL XXV, figs. 1-2). The large 
spherical nuclei begin to contract, crowding the chromosomes together 
again, but into a spherical group (fig. 3). This early prophase may easily 
be distinguished from the preceding telophase by the spherical nucleus and 
the peculiarly constricted chromosomes. The nuclear walls disappear and 
leave the homotypic chromosomes in two closely-packed groups on different 
sides of the cell (fig. 4). The spindles form rapidly and the chromosomes 
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become oriented upon them (figs. 4-7). The two spindles may be parallel 
or at right angles to each other, or at an intermediate angle. The metaphase 
plates are very even and regular, with the exception of a few abnormalities 
which will be discussed later. The already partly split chromosomes 
complete the divivsion and the two halves of each one pass very regularly 
to opposite poles (figs. 8-10). 

The telophasic chromosomes in well fixed material are always separate 
and distinct, and may easily be counted. New nuclear walls appear and 
the chromosomes become evenly distributed throughout the inclosed 
cavities (PL XXV, fig. 1 1). They become smaller and somewhat indistinct, 
as the nuclear cavity enlarges. Separation of the cells of the tetrad is due 
entirely to progressive furrowing of the cytoplasm, as no visible cell plates 
are laid down during either division (fig. 12). By the time cleavage is 
completed and the cells have become entirely separated within the wall of 
the old pollen mother cell, the chromosomes have anastomosed and formed 
a nuclear reticulum. The chromatin becomes more and more indistinct, 
as the nuclear cavity increases in size, and by the time the pollen grains 
are mature, the nucleus is in a resting condition and very hard to stain 
satisfactorily. 

Good preparations of the first somatic mitosis of the microspore were 
not secured, due to the large amount of stored food, and the sensitiveness 
of the cells to changes in osmotic pressure. This division was found to 
occur before the pollen grains are shed, however. 

The phases through which the nucleolar material passes were not 
followed through meiosis and subsequent stages, because its affinity for 
gentian violet apparently disappears about the middle of prophase and does 
not reappear until the pollen grains are mature. 

Irregularities of the Triploid Plants 

Since the Petunia triploids are cytologically and genetically unbalanced, 
their meiotic stages show a certain amount of irregularity, but not so much 
as that reported for other triploids. There is less irregularity in the writer’s 
than in Dermen’s triploid petunias. 

At diakinesis one or more of the trivalents may break up into a bivalent 
and a univalent, or into three univalents. Any separation at all is of rare 
enough occurrence so that it must be considered as abnormal. The uni- 
valents migrate irregularly to the poles, often lagging behind or preceding 
the main group of chromosomes. The bivalents may migrate entire to one 
pole, or the members may segregate regularly. During the anaphase of the 
heterotypic division, lagging chromosomes frequently appear (PI. XXV, 
figs. lo-ii). The most common cause of this type of irregularity is the 
passing to the poles of the terminal members of a chain of three chromo- 
somes, leaving the central chromosome at the equator of the spindle. 
Such lagging chromosomes may become completely isolated and cut off in 
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the cytoplasm, or they may finally migrate slowly to one pole or the other 
and become included in one of the daughter nuclei. They often divide 
prematurely, the half chromosomes going to the same or to different nuclei, 
or remaining on the spindle (figs. lo-ii). Occasionally a bivalent chromo- 
some is seen to lag (fig. ii). In addition to disjoining, the constituent 
chromosomes frequently split and may either be segregated regularly or 
remain in a group as the nucleus of a small cell. During interkinesis, 
many of the chromosomes split prematurely, prior to the homotypic division. 
These divided chromosomes are easily recognized in late interkinesis by 
their spherical form and small size, and by the usual proximity of both halves 
(fig. 2). 

Because of this early splitting, the sum of the chromosomes present in 
the second division metaphase plates is frequently more than 21, and may 
be as high as 26 (PI. XXV, fig. 6). On the theoretical basis of chance 
distribution, there should be just as many plates of eleven chromosomes as 
plates of ten. On account of lagging and other irregularities causing 
chromosome loss, there should be a reduction in the number of plates of 
eleven, and an increase in plates of ten. It was observed, however, that 
plates of eleven are far in the majority, in spite of the chromosome loss, and 
plates of twelve are just as common as plates of ten, which presents a 
considerable deviation from the expected segregation (table i). Careful 
examination indicated that distribution of chromosomes in the first division 
is entirely according to the laws of probability, and the discrepancy in 
numbers of chromosomes in the second division is accounted for by pre- 
cocious splitting of lagging and interkinetic chromosomes. 

Table i. Counts of Metaphase II Plates in Triploid Petunias 

Number of chromosomes 6 7 8 9 10 ii 12 13 14 

Number of plates 2 S 40 68 104 144 104 22 10 

There are not as many irregularities during the homotypic division as 
in the heterotypic. The halves of the chromosomes which split prematurely 
may lag and disintegrate, or become small, separate nuclei (PI. XXV, 
fig. 10). The chromosomes cut off in the cytoplasm during the first division 
continue their activity, dividing and forming small independent nuclei. 
These microcytes produced by isolated chromosomes and groups of chromo- 
somes are common in the triploid material and are directly proportional in 
size to the number of chromosomes which they contain (fig. 13). 

None of the major irregularities reported by other writers appeared, 
such as complete non-reduction, the formation of restitution nuclei, the 
union of the interkinetic nuclei, or the fusion of the two homotypic spindles. 
A very few giant pollen grains, apparently containing all 21 chromOvSomes, 
were seen, but the abnormal processes leading to their production were not 
observed. The meiotic processes in these particular triploid petunias are 
even more regular than meiosis in certain types of diploid P. hybrida, such 
as the one reported by Matsuda. 
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Discussion and Conclusions 

The term triploid has been used in a narrow sense by some workers, 
and in a broad sense by others. Belling (2) has defined a triploid plant, 
in the narrow sense, as one having a chromosome complex made up of a 
number of sets of three homologous chromosomes. According to this 
interpretation, there must be three identical groups of chromosomes present 
in each triploid cell. It is to be expected, on the basis of a similar behavior 
in diploids, that at the reduction division, all of the chromosomes will 
become arranged into groups of three. This expectation is not usually 
realized, however, as such an association of all the chromosomes into tri- 
valents has been reported for very few plants. 

Belling has reported complete trivalency in Datura (5), Canna (2, 4) 
and Hyacinthus (3), The same condition is described in the present paper 
in Petunia, It has also been described in two wild Japanese species of 
Lycoris, L. radiata Herb, and L, squamigera Maxim., by Inariyama (18). 
All of these constant triploids or “ autotriploids ” display a certain amount 
of meiotic irregularity which often results in the fragmentation of some of 
the trivalent chromosomes into univalents and bivalents. In addition to 
these slight irregularities of the autotriploids, triploids in closely related 
varieties and forms of Canna (Tokugawa and Kuwada, 53), Hyacinthus 
(Darlington, 6), and Petunia (Dermen, 7) do not show complete trivalency. 
Apparently, then, the complete association of homologous chromosomes in 
triploids is rarely possible, and is the unusual thing. Darlington found, 
in Hyacinthus (6), that homology is not the only factor in the formation 
of trivalents, but that size also is important, since short chromosomes form 
trivalents much less frequently than long ones do. 

By far the majority of the triploids which have yet been investigated 
have been found to diverge to a greater or less extent from the expected 
complete association into sets of three. Although most triploids display 
trivalent chromosomes at late diakinesis and at early metaphase of the 
heterotypic division, the proportion of trivalents may often be very small, 
as compared with the number of bivalent and univalent chromosomes. 
This erratic and variable production of trivalents is representative of nearly 
all triploids which have been reported. 

The greatest possible deviation from the expected or autotriploid type 
is shown by those plants which form no trivalent chromosomes at all, but 
have only bivalent and univalent chromosomes. Most of the instances 
reported have been hybrids which acquired two sets of chromosomes from 
one parent and one set from the other, the two parents belonging to different 
species or even genera. Under such circumstances, there can be very little 
association of the chromosomes into trivalents, since they are only slightly 
or not at all homologous. The earliest and best known examples of this 
type were the Dr os era hybrids secured by crossing D, rotundifolia (n == 10) 
with D. longifolia (n == 20) (Rosenberg, 45). Rosenberg found no trivalents 
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at all, but ten pairs and ten unpaired chromosomes. Similar behavior has 
been reported since in species hybrids of Rosa (Erlanson, 8), and Triticum 
(Kihara, 23; Sax, 47; Thompson, 52). Two sets, probably from one of the 
parents, pair off together, leaving the remaining set from the other parent 
as isolated univalents, which behave independently of the bivalents. 

The application of the term triploid to these plants is believed to be 
fully justified, in spite of the differences in association and arrangement of 
their chromosomes, since there is a high degree of resemblance among them. 
They all possess an unbalanced chromosome complex, consisting of three 
sets of chromosomes, and consequently exhibit many meiotic irregularities, 
which result in the production of a large amount of sterile pollen. Further, 
they are usually sterile and somewhat larger than the normal diploid type. 

It is believed, then, that the innate character of the triploid does not 
depend on whether or not the chromosomes are homologous, but simply on 
the fact that there are three sets present. Whereas, in general, the presence 
of trivalents is considered one of the distinguishing features of triploid 
plants, it cannot be taken as the sole criterion. It is concluded that our 
definition of a triploid plant should be made broader and more general, so 
that the term may include any plant which possesses three times the basic 
number of chromosomes characteristic of the genus, without regard to the 
degree of homology among the three sets as indicated by the number of 
trivalents. 

Since there is such a gradual transition between complete association 
of all the chromosomes into trivalents, and the complete absence of chromo- 
some aggregation, it is hardly possible to classify triploids on the basis of 
chromosome behavior, as is usually done. In an attempt to find some 
other means of classifying them, it was discovered than nearly all triploids 
can appropriately be placed in one of two groups, on the basis of main- 
tenance of the triploid character. 

In the first group belong all the triploid species and varieties which are 
able to maintain their unstable chromosome complex from generation to 
generation. Since irregular segregation and extinction of the type would 
naturally follow sexual reproduction, and since most triploids are sterile, 
multiplication must of necessity be by some asexual means, which is some- 
times rather obscure. 

Certain species and varieties belonging to this first class of triploids are 
able to maintain their triploid nature and consequent taxonomic individu- 
ality by various types of apomixis and the resulting production of seed 
from which new triploid individuals will arise. Rosenberg (46) found that 
a constant wild species of Hiemcium, H. umhellatum, is triploid, and that 
the embryos in the seed which produce triploids arise from nucellar buds. 
Holmgren (17) found similar phenomena in various naturally occurring 
species of Eupatorium and Erigeron. Most members of this group preserve 
their triple set of chromosomes by more obvious means of vegetative 
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reproduction. Typical triploid species and varieties of this sort have been 
found in a large number of genera which multiply by bulbs, stolons, rhizomes? 
etc. They have been described in Iris (Kazao, 22), Ruhus (Longley, 28), 
Rosa (Erlanson, 8), Tulipa (Newton and Darlington, 40), Hyacinthus 
(Belling, 3, 6), Narcissus (Nagao, 36), Canna (Belling, 2, 4; Tokugawa and 
Kuwada, 53), Hemerocallis (Belling, 4), Fragaria (Yarnell, 55), and others. 
In general, these triploids have appeared spontaneously, either in the 
natural state, or under cultivation, and are probably the result of natural 
or artificial hybridization. 

The second and larger group of triploids is composed of the forms or 
races of preexisting species which are not able to retain cytological and 
systematic individuality from generation to generation, since they do not 
habitually reproduce vegetatively. Some members of this group can be 
artificially propagated, however. Although a few examples are unstable 
wild triploid species, as those found in the genus Crataegus (Longley, 29), 
and in Prunus (Okabe, 41), most known triploids have arisen spontaneously 
as chromosome mutations among cultivated or experimental plants. Thus, 
Oenothera semi-gigas has appeared several times, and has been found to be 
characterized by 21 somatic chromosomes (Lutz, 32). Triploid mutations 
of Datura (Belling, 5), Zea (McClintock, 33; Randolph and McClintock, 
44), Crepis (Navashin, 37), Nicoiiana (Goodspeed, 16), tomato (Lesley, 27), 
Morus (Osawa, 43), and Primula (Ono, 42) have all arisen among normal 
diploid plants. 

Other interesting triploids are those which have been produced experi- 
mentally as the result of crossing a tetraploid and a diploid race of the same 
species, as was done in the present investigation. Oenothera (Gates, 12; 
Geerts, 15) and Solanum (Jorgensen, 20) triploids have been produced in 
the same way. The crossing of two species, either in the same or in different 
genera has also given rise to triploid hybrids, as reported for Triticum 
(Kihara, 23, 24; Sax, 47; Thompson, 52), Drosera (Rosenberg, 45), Citrus 
X Fortunella (Longley, 31), and Zea X Euchlaena (Longley, 30). 

These triploids of known origin are important, since through them 
desirable genetic characters may be interchanged between varieties or 
species with different chromosome numbers. Navaschin (37) found that 
crosses which normally were invariably unsuccessful would give fertile seed, 
if a triploid was used as the female parent. He found also, that by self- 
pollinating and crossing triploids, he was able to get higher polyploid forms, 
of still greater cytological and genetical interest. Also, considerable light 
is shed upon the origin of spontaneous triploid mutations by this type of 
triploid. 

The sudden appearance of triploids among diploids has been the source 
of much speculation for two decades. Gates (14) has advanced the theory 
that triploid mutations are due to the union of two sperm nuclei with a 
single haploid egg. The only recorded observations that might be inter- 
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preted to support this hypothesis are those of Nemec (38) on Gagea lutea 
and Ishikawa (19) on Oenothera. That there is not much probability of 
such a phenomenon is evident, and the experimental evidence is slight. 
Concerning the observations of Nemec, Gates (13) himself says: “Nemec 
believes that he has observed this (dispermy) in Gagea lutea, although it 
must be said that the evidence is not very conclusive.” Ishikawa, however, 
observed and figured what was apparently the fusion of two sperm nuclei 
with a single egg nucleus. 

Probably the best experimental evidence against Gates’s theory has been 
produced by Navaschin (37), who found that triploids which arose spon- 
taneously through the open pollination of Crepis capillaris contained a 
diploid capillaris complex, in addition to a foreign set of chromosomes. 
It is manifest that dispermy cannot have occurred here, but that an alter- 
native theory is necessary. Navaschin’s triploids have been produced 
through the normal fusion of two gametes, one haploid and the other 
diploid, the latter being the egg. It is very evident that triploids produced 
experimentally by crossing diploid and tetraploid races, as, for example, 
the writer’s triploid Petunias, certainly might have arisen only by the 
fusion of a diploid and a haploid gamete. 

That gametes with the somatic number of chromosomes are often 
produced has long been known. Hybrid plants, as described earlier, are 
frequently characterized by irregular meiosis, and produce, as a result, 
a certain number of diploid and other non-typical gametes. Under the 
stimulation of extremes of temperature or other abnormal physiological 
conditions, nearly any plant may be induced to produce diploid or polyploid 
gametes. The production of such gametes has been reported in a large 
number of species. By subjecting buds from the parent plant, as well as 
seeds and seedlings, to X-rays, Goodspeed (16) produced both triploid and 
tetraploid plants in Nicotiana tabacum. The spontaneous appearance of 
polyploid types in culture has frequently been correlated with unfavorable 
physiological conditions which were responsible for the production of 
irregular gametes. 

Many attempts have been made to produce triploids by pollinating 
diploids with pollen from tetraploids. In the few instances in which the 
cross was successful, diploid plants have almost invariably resulted, as the 
author found. Apparently the only exception is that of Dermen (7), who 
secured triploids by the diploid 9 X tetraploid cf cross. Except for this 
one instance, all of the induced triploids have resulted from the cross 
tetraploid 9 X diploid cf. It is probable, then, that whereas a diploid 
sperm nucleus may rarely function, the diploid chromosome set of a triploid 
is almost always derived from the egg. Some objections have been raised 
concerning the possibility of fertilization of a diploid egg. Navaschin has 
shown, however, that in Crepis diploid eggs are capable of being fertilized 
as well as haploid ones, and that even higher polyploid egg cells are perfectly 
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functional. Triploid, tetraploid, pentaploid, and heptaploid plants were 
all found in the immediate progeny of triploids. 

The majority of triploids, then, and probably all which have arisen 
spontaneously, owe their existence to the fertilization of a diploid egg by a 
haploid sperm nucleus. 

Summary 

1. The tetraploid nature of the giant-flowered races of Petunia hybrida 
has been confirmed. 

2. Reciprocal crosses were made between a tetraploid race of P. hybrida 
{n = 14) with colored flowers and a diploid species, P. axillaris (n = 7), 
which has white flowers and yellow pollen. 

3. The diploid 9 X tetraploid cf cross produced normal diploids which 
combined characters from both parents. 

4. Sixteen triploid plants resulted from the tetraploid 9 X diploid cf 
cross, each with 21 somatic chromosomes. 

5. The triploid progeny were about intermediate between the two 
parents in size and habit, although two, of similar appearance, were notice- 
ably smaller than either parent. 

6. At the reduction division, the triploids normally show a complete 
association of all the chromosomes into sets of three. 

7. The first and second divisions of meiosis are very regular, the only 
common irregularity being lagging of chromosomes. None of the extreme 
irregularity described for other triploids was seen. 

8. A characteristic idiosyncrasy is the premature splitting of chromo- 
somes during interkinesis. As a result, there is frequently an apparent 
excess of chromosomes at the homotypic division. 

9. A considerable part of the pollen in the triploids is sterile, partly due 
to microcytes arising from chromosomes which lagged or became isolated 
during meiosis, and partly to cells which do not contain a complete or 
functional set of chromosomes. 

10. A classification of triploids on the basis of maintenance of the 
triploid character rather than upon the degree of chromosome association 
into trivalents is suggested. 

11. It is concluded, from the results of the present investigation and 
from others, that triploids, with very few exceptions, have arisen from the 
union of a diploid egg with a haploid sperm nucleus. 

The author wishes to express his appreciation of the greenhouse and 
garden facilities placed at his service by Professor H. H. Bartlett. 

Botany Department, 

University of Michigan, 

Ann Arbor, Michigan 
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DESCRIPTION OF PLATES 
Plate XXIII 

Fig. I. Pink flower from tetraploid parent of culture 266.* 

Fig. 2. Flower from Petunia axillaris, the pollen parent of all the triploid plants. 

Fig. 3. White flower from triploid plant 264-1. It is smaller than the flowers of 
either parent. 

Fig. 4. Reddish-purple flower from triploid plant 264-10.* 

Fig. 5. White flower from triploid plant 264-5. 

Fig. 6. Lavender flower from triploid plant 266-4, showing resemblance to tetraploid 
parent. 

* Due to the use of panchromatic film, the pink and reddish flowers appear quite light 
colored in the photographs. 

Plate XXIV 
Cytology of the triploids 

Fig. I. Somatic chromosomes from nucellar tissue of ovule {2n = 21). 

Fig. 2. Various types of chromosome association at diakinesis, taken from several 
different cells. 

Figs. 3-5. Side views of the chromosome complements of individual cells, at meta- 
phase and early anaphase of the heterotypic division, to show the complete association of 
all the chromosomes into trivalents. 

Fig. 6. Polar view of the heterotypic metaphase, to show the seven trivalents. 

Figs. 7-8. Anaphase of the heterotypic division, showing disjunction of the trivalent 
chromosomes. 

Fig. 9. Late heterotypic anaphase to show the normal condition of regular chromo- 
some distribution. 

Fig. 10. Late anaphase, showing lagging bivalent chromosome in which the compo- 
nent parts are disjoining and each one is splitting. 

Fig. II. Late anaphase, showing two lagging univalent chromosomes which are 
splitting, and one lagging bivalent, the parts of which are disjoining. 

Fig. 12. Telophase of the heterotypic division. 

Fig. 13. Early interkinesis, to show the shape of the nuclei and chromosomes. 

Plate XXV 

Fig. I. Interkinetic nuclei. 

Fig. 2. Late interkinesis, showing chromosomes which have split prematurely. 

Fig. 3. Prophase of the homotypic division. The spindles are beginning to appear. 

Fig. 4. Late homotypic prophase, showing a side view of one spindle and a polar 
view of the other. 

Fig. 5. Homotypic metaphase, polar view, showing unequal numbers of chromo- 
somes on each plate. 

Fig. 6. Homotypic metaphase, polar view, to show chromosomes which have split 
prematurely and chromosomes which have become separated from the nuclei in earlier 
stages. 

Fig. 7. Side view of the homotypic spindles at metaphase. 

Figs. 8-9. Successive stages in the homotypic anaphase, to show the regularity of 
chromosome distribution. 

Fig. 10. Late homotypic anaphase, showing chromosomes lagging on the spindles. 

Fig. II. Telophase of the homotypic division. 

Fig. 12. Cleavage of the pollen mother cell into pollen grains by progressive fur- 
rowing. 

Fig. 13. A hexad, the supernumerary pollen grains being due to chromosomes or 
groups of chromosomes cut off in the cytoplasm following either of the meiotic divisions. 


DEMONSTRATING THE LIFTING POWER 
OF TRANSPIRATION' 

Hiram F. Thut 

(Received for publication October ii, 1931) 

Transpiration and the cohesion of water are two important factors in 
the rapid rise of water in the conducting systems of stems. The problem 
of demonstrating these two factors has led to numerous experiments. In 
the present investigation several modifications of procedure have been 
devised and have been proved satisfactory. Living leafy twigs have been 
used to pull mercury columns to heights exceeding barometric pressure. 

Previous investigators have used two general methods to demonstrate 
the plausibility of the cohesion theory of the rise of water in plants. In the 
first method a purely artificial system was used, the apparatus consisting 
of a porous evaporating surface attached to the top of a long glass tube. 
First the porous material and tube were thoroughly wetted and then the 
whole apparatus completely filled with water. The lower end of the glass 
tube was then dipped into a vessel containing mercury. On allowing the 
water to evaporate from the porous surface the volume of water decreases, 
and the mercury is pulled up the tube by the retreating water column. 
If the mercury column is lifted to a height exceeding barometric pressure 
then a definite pull is shown to exist in the water column. This experiment 
has been used to explain the rise of water in plants. The porous material is 
thought of as the leaf and the glass tube an element in the water-conducting 
system of the plant. The water is thus pulled up the trunk of the plant 
by the cohesive properties of the water column. Askenasy (1896), Ursprung 
(1913). Lubin (1926), Thut (1928), Otis (1930), and others have attempted 
to perfect such a set-up. The writer has described, in his paper just cited, 
an experiment in which a column of mercury was lifted 226.6 centimeters. 
This is equivalent to lifting a column of water approximately 100 feet. 

In the second method actual living material was used as part of the 
apparatus. Leafy twigs were employed as evaporating surfaces. Only 
one successful set-up of this type, that of Boehm’s (1893). has been reported 
in literature. His work, though often cited, has been neglected and probably 
doubted. Boehm successfully attached living Thuja twigs to capillary 
manometer tubes and by transpiration and cohesion of water lifted mercury 
columns to heights of 86.4 and 90.6 centimeters. By this method students 
ot botany need not use an analogy, but can see by actual demonstration 
that a transpiring leafy twig does exert a pull on a water column. 

* Paper from the Department of Botany, The Ohio State University, No. 282. 
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The writer has recently set up a series of experiments to substantiate 
Boehm’s results and to make the experiment more practicable for class room 
demonstration. The several set-ups used were quite similar and may be 
summarized in two general descriptions. With a little experience and 
patience it is possible to set up a successful experiment with ordinary 
laboratory equipment. The materials necessary are : a living leafy twig 20 
or more centimeters in length, a straight capillary tube 100 or more centi- 
meters long, thick-walled, soft rubber tubing, a rubber band, 20 percent 
potassium hydroxide, chromic acid cleaning solution, a test tube, a slender 
pipette, clean mercury, and several beakers of hot water. 

In setting up a demonstration the apparatus is prepared and assembled 
in the following fashion: The twig is cut from a tree or shrub and immedi- 
ately placed under water and then a second cut is made several inches 
farther up the stem. The bark, including everything to the cambium, 
is peeled off for a distance of two or three centimeters from the cut end of 
the twig. This operation is performed under water. The base of the 
twig is then placed in a beaker of hot distilled water and from 4 to 8 centi- 
meters of the base is boiled for nearly an hour. Care must be taken to 
protect the upper leafy portion of the twig so that it will not be injured by 
the heat. 

An 8-centimeter portion of rubber tubing is boiled for an hour in 20 
percent potassium hydroxide to remove possible fat-like materials. The 
tubing is then thoroughly washed with boiling distilled water. The long 
capillary tube is cleaned by running warm cleaning solution through the tube 
and following it with hot distilled water. The test tube is also thoroughly 
cleaned and then filled with hot distilled water. 

The hot water, containing the clean rubber tubing, is cooled to about 
40° C. by adding distilled water. This temperature makes it easier to 
handle the tubing. The twig is then transferred from the beaker in which 
the cut end has been boiled to the beaker containing the water with the 
rubber tubing. This transfer should be made as quickly as possible in 
order to avoid the entrance of air into the vessels. The cut end of th^ 
twig is then pushed into one end of the rubber tubing as far as the bark 
has been removed. This operation must be performed with both the 
rubber tubing and cut stem end submerged. The rubber tubing should 
fit tightly around the stem. This is possible if the stem and rubber tubing 
have been properly selected. The stem and attached rubber tubing are 
now removed from the water. Immediately the portion of rubber tubing 
covering the end of the stem is wrapped by using a rubber band. This is 
done to insure a perfect seal between the rubber and wood. As soon as the 
wrapping is completed the water that was retained in the rubber tubing is 
replaced by recently boiled water in order to eliminate possible air bubbles. 
This replacement is easily accomplished by holding the twig tip down and 
by inserting the water with a slender pipette. 
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The difficult part of the set-up of the demonstration is in attaching the 
twig plus rubber tubing to the long capillary tube so that the entire system 
is completely filled with water. The method usually used was to set one 
end of the capillary tube in a beaker of hot water and by suction at the 
other end the tube was filled with fairly hot water. This end may be closed 
with a finger tip until the tube is laid in a horizontal position and attached 
to the twig by forcing it quickly into the rubber tubing. Care must be 
taken to exclude all the air when this connection is made. Before the 
capillary tube was forced into contact with the stem end, the open end of 
the capillary was dipped into the test tube full of water. On bringing the 
glass tube and stem together the extra water in the rubber tubing flows 
into the capillary tube and removes all undissolved air from the lower end. 
The water in the test tube prevents undissolved air from entering the 
capillary tube. 

One now has a twig attached by means of rubber tubing to a long 
capillary tube, with the tube completely filled with water and the lower end 
dipping into a test tube full of water. In this condition it is easily possible 
to move the set-up to the room where the demonstration is to be carried out. 
All that is needed to start a demonstration is rigidly to support the twig 
and tube in an upright position and pour clean mercury into the test tube. 
The transpiration of water from the leafy twig causes the water volume of 
the system to decrease. This decreasing volume causes the mercury to be 
pulled up the tube. As soon as the mercury column exceeds barometric 
pressure, the cohesion of water and the pull of transpiration are demon- 
strated. 

A second way of making the connection between the twig plus rubber 
^bing and the long capillary tube was by using an elevated reservoir. 

he capillary tube was attached to an elevated reservoir containing hot 
water. The water was allowed to flow slowly through the tube and as 
soon as the capillary was entirely free of undissolved air, the twig plus 
rubber tubing were attached to the lower end of the capillary tube. The 

tw-ig and capillary tube were then inverted and the tube dipped into a test 
tube full of water. 

In the set-up just described the attempt was made to remove all un- 
dissolved air by boiling all materials. A second method of setting up the 
demonstration was also used with success. In this case the cleaned rubber 
tubing was attached to the unboiled wood of the twig immediately after 
the bark had been removed. The other end of the rubber tubing was 
attached to a suction pump and the twig permitted to hang tip downward. 
Sufficient water was included in the system so that the stem end of the 
twig was continually bathed in water. After the suction pump had removed 

fn?! air from the cut stem end, the pump was detached 

and the rubber tubing filled with recently boiled, distilled water. The 
connection between the twig plus rubber tubing and the capillary tube was 
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made by the elevated reservoir method. After the capillary tube was 
washed free of undissolved air and the twig attached to the lower end of 
the capillary tube, the set-up was permitted to remain connected to the 
reservoir for several hours. This permitted the air-free water moving 
into the cut stem end of the twig to remove undissolved air. As soon as 
one wished to carry out a demoUvStration, the twig and capillary tube were 
inverted and the open end of the capillary dipped into a test tube containing 
water and mercury. 

Not all set-ups proved successful. Twigs of some species of plants are 
more difficult to use than twigs of other species. This difference in the 
number of successes obtained by using twigs of different species of plants 
may be due to anatomical differences of the twigs or it may be that the right 
method of setting up for a demonstration has not been discovered. In 
practice several twigs and tubes were prepared for a demonstration. It 
requires only a little more time to set up several twigs and tubes than it 
does for one. With this number one may be certain of having at least 
one successful set-up. 

After the mercury has been pulled up the tube, by transpiration, to a 
height at which the water column is ruptured, the twig may be used for a sec- 
ond attempt. The twig and rubber tubing should be detached from the cap- 
illary tube and the rubber tubing filled with water immediately after the 
break occurs. This prevents having much air pulled into the vessels or tra- 
cheids. On attaching the twig to the suction pump the air can be removed 
and the twig may be used for a second demonstration. 

The time required for the transpiration from the leaves of a twig to 
pull the mercury to heights exceeding atmospheric pressure varied from 
fifteen minutes to six or eight hours. Many factors may influence the rate 
of rise so that the approximate time required can best be determined by 
running a preliminary test. 

Table i contains some of the results that have been obtained. Included 
are the species of plant from which the twigs were obtained, the type of 
set-up used, the relative number of successes to total set-ups, the barometric 
pressure, the average height of the successes, the maximum height, and the 
maximum height in terms of water column for each species used. The 
height results have been corrected according to the following equation : 


11 = 
h = 

Wi = 


W2 = 


H= h + c + 


Wi ~ W2 

13.6 


Total height of mercury column. 

Ht. of mercury meniscus in tube above the mercury level in 
tube. 

Correction for mercury depression in glass tube. 

Length of water column from the mercury meniscus to the 
of the stem. 

Height of water standing above mercury in test tube. 


the test 


cut end 
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The results given in the table do not represent the highest results 
possible but represent those obtained while experimenting with the several 
methods. In the trials with twigs of Thuja, Mahonia, and Juniper us only 
the elevated reservoir plus suction pump method was used. In Picea and 
Acer both methods were used but only the boiled stem method proved 
successful. Failure to obtain successful results with the unboiled stems 
may have been due to the pith in the stems. Box elder, the Acer species 
studied, in particular has a large pith in the small twigs and was used 
deliberately to see if such twigs are usable. As the bark at the base of the 
twig had been removed and as the rubber tubing was only attached to the 
woody cylinder, failure on the part of the twig would be due to conditions 
either in the wood or the large pith. On placing the cut end of a twig of 
box elder in boiling water a large amount of air was forced out of the pith. 
After boiling the ends of several twigs for an hour, they were attached to 
tubes and these experiments proved successful. Twigs that had been boiled 
for an hour in the evening were allowed to stand over night in fresh, recently 
boiled, distilled water. These twigs on being attached to the capillary 
tubes the next morning gave even better results than those twigs that were 
used immediately. The twigs of box elder that had not been boiled appar- 
ently failed because it was impossible to remove a sufficient amount of the 
air from the pith. The unboiled Picea twigs also probably failed because 
of the air in the pith. 

In Smilax the rubber tubing was attached directly to the cut stem end 
without the removal of tissue and recently boiled water was allowed to 
flow into the stem end for several hours before a demonstration was at- 
tempted. With two exceptions, the boiling method was the only one used 
on Platanus twigs. The two exceptions proved unsuccessful. 

Other species of plants not mentioned were also used in these experi- 
ments. Since nearly all were used without boiling it is highly probable 
that failure to obtain mercury columns above atmospheric pressure were 
due to the undissolved air. By driving out the air in boiling water and 
giving enough time to permit the intercellular spaces in the pith to become 
filled with water, it seems highly probable that one could use leafy twigs 
of most woody plants in this experiment with success. 

Summary 

The lifting power of transpiration and the cohesion of water were 
demonstrated by a series of experiments. Living leafy twigs were used to 
pull mercury columns to heights exceeding barometric pressure. Several 
methods were devised and proved successful whereby twigs were attached 
to capillary tubes full of water. Loss of water from the twigs caused the 
water columns in the capillary tube to be pulled up the tube. These 
ascending water columns supported columns of mercury that exceeded 
atmospheric pressure. Twigs from the following plants were used success- 
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fully: Thuja occidentalism Mahonia Aquifolium, Juniper us virginianam Picea 
Abies m Acer Negundo, Smilax hispida, and Platanus occidentalism 

Ohio State University, 

Columbus, Ohio 
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SPOROGENESIS AND SEX DETERMINATION IN 
BEGONIA SCHMIDTIANA i 

Maria D. Pastrana 
(Received for publication June 23, 1931) 

The following study of Begonia Schmidtiana Regel was originally under- 
taken as an investigation in sporogenesis, but because of the remarkable 
findings it later developed into an investigation of the problem of the de- 
termination of sex in a monoecious plant. The plant was selected from 
among a number of species of Begonia in cultivation at the Botanical Gardens 
of the University of Michigan chiefly because of the abundance of its flowers 
which made possible the collections of large amounts of cytological material 
from a single plant. The results lead to the exclusive study of this species, 
but it is hoped that investigations may be continued in other species of the 
genus and among related forms. 

Material and Methods 

The material was collected from the Botanical Garden chiefly during the 
summer months vsince at this season flowers are more abundant than at other 
seasons of the year. 

Several fixing fluids were employed for different purposes. Strong 
Flemming’s solution diluted with an equal part of water gave satisfactory 
preparations for some stages but it drew the chromosomes so closely to- 
gether that accurate counts could not easily be made. A formol-acetic- 
alcohol mixture (commercial formalin, 2.6 cc. ; glacial acetic acid, i cc.; 
50 per cent alcohol, 40 cc.) gave preparations having good chromosome 
spacing, but with serious shrinkage of the cell contents. For chromosome 
counts and general purposes, the fluid that gave the best results was the fol- 
lowing modification of Bouin’s solution; 

Bouin’s solution 100.00 cc. 


Chromic acid 50 g- 

Urea i.oo g. 


Material was left from 8 to 10 hours in the fluid, then rinsed with water 
and carried through a long series of alcohols. The stain most generally 
employed was iron-alum haematoxylin. 

The following measurements will give an idea of the size of the nucleus 
and the nucleolus, and of the minute chromosomes of Beg 07 tia: 

Nucleus Nucleolus 

In the resting cells of the archesporium 3*95“*5'52 m 1.58-2.32 /a 

In prophase of heterotypic mitosis 5-52-7.89 ju 1.58-2.32 ju 

In synizesis 6.32-9.47 /x 2.37-3.16/4 

^ Papers fi'om the Department of Botany, University of Michigan, No. 359. 
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Measurements of the chromosomes shortly before metaphase of the 
heterotypic mitosis; 


1st type = 2.37 iU long, and .592 wide 

2nd 1-975“ “ “ .685“ “ 

3rd “ 1.58 “ “ “ .79 “ “ 

Odd chrom. 4.25 “ “ .708 

Chromosomes are most easily measured shortly before they become ar- 
ranged to form the equatorial plate on the heterotypic spindle. At meta- 
phase of this mitosis the bivalents lie so closely together that it is difficult 
to distinguish them. At anaphase the chromosomes are more condensed 
than at metaphase. 

Chromosome counts were made from the various parts of the plant sub- 
stantially as recorded in the accompanying table. 


Table i. Number of Chromosome Counts 


Chromosome Counts 

o’ 

Flower 

9 

Flower 

Vegetative 
Sporo- 
phyte 13 
Chrom. 

Gametophyte 

Endo- 

12 

Chrom. 

13 

Chrom. 

c? 

6 Chrom. 

9 

6 or 7 Chrom. 

sperm 

13 

Chrom. 



50 

50 




Developinsr petal 

0'-' 

5 




Pedicel.. . '■ 






Developing stamen 

Epidermis of anther 

Tapetum 

50 

10 






Bract 

0 






Developing ovule . . 


— 





Nucellus 







Embryo 


0 

! 20 




Young leaves. ... 



30 

20 










Hair 






Metaphase of heterotypic 
mitosis 



3 




Anaphase of heterotypic 
mitosis 

200 

75 

50 

100 





Interkinesis 





Homoeotypic metaphase. 
Microspore. . . 

Megaspore 

/ 0 

150 


100 



Developing egg .... 





50 


Endosperm. 





15 







1 

30 


The Chromosomes of the Staminate and Pistillate Flowers 

_ Begonia Schmidtiana has chromosomes of 4 types when classified accord- 
ing to size and all are more or less curved like the letter “ C.” Four chrom- 
osomes (two pairs) are wider and longer than the others, four chromosomes 
(two pairs) are medium in size, and another four (two pairs) somewhat 
shorter than those of medium length and slightly broader. These three 
types are present in all parts of the plant. The fourth type is unpaired and 
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because of its absence in the staminate flower, it seems probable that this 
chromosome has a bearing on the determination of sex. It is coiled in form, 
tapering to a point, and resembles a question mark (PI. XXXI, figs. 60 j, 
61 ^). 

The sporophyte of the plant therefore carries 13 chromosomes in all 
tissues excepting those of the staminate flower where the number is 12. 
Counts of 13 chromosomes have been made in the root tip (PL XXVI, fig. i), 
the embryo (fig. 2), the hair of the stem (fig. 3), the tip of the stem that will 
become the pistillate flower (fig. 4), the tissues of the ovule before the 
megaspore is formed (fig. 5), the petal and all the other parts of the pistillate 
flower, and the bud of the stem. 

The staminate flower carries 12 chromosomes in all of its parts as shown 
by the counts from the flower bud initial (fig. 6), petal (fig. 7), the epidermis 
of the anther (fig. 8), archesporium initial (fig. 9), pedicel, bracts, and other 
regions. 

The staminate and pistillate flowers arise close together from a common 
axis (text fig. i). By horizontal cell divisions this axis divides dichotom- 
ously to give rise to the staminate and pistillate flower buds (text fig. 2). 



Text Fig. i. The origin from a common axis of the staminate flower (S) and the 
pistillate flower (P). 


Text Fig. 2 . Older stages in the development of the staminate flower (5) and the 
pistillate flower (P), showing dichotomous arrangement. 

The dichotomous arrangement is, however, not very evident due to the fact 
that the staminate flower grows and matures faster than the pistillate and 
often drops from the plant three or four days before the latter opens. At 
the point of separation of the staminate and the pistillate flower buds the 



368 


AMERICAN JOURNAL OF BOTANY 


[Vol. 19, 


unpaired chromosome apparently does not divide as do the others but goes 
as a whole into the bud that is to become the pistillate flower. Hence the 
staminate flower bud is deprived of that chromosome. 

Nemec (1904), followed by Hacker (1904), Woycicki (1906), and 
Schiller (1909), first reported the occurrence of heterotypic divisions in 
somatic cells as the result of treatment with chloral hydrate and other chem- 
icals, but so far as the writer is aware this type of somatic reduction of chrom- 
osomes has not heretofore been reported as normal behavior, and the con- 
clusions of this paper have been reached only after examining numerous 
specimens and finding no exceptions to the above statement of chromosome 
counts. However, the possibility that such a reduction takes place has 
been suggested. 

Bond (1915) studied the sex characters of abnormal Begonia flowers, and 
found among other things that the “ instability of equilibrium in the primary 
sex elements” is associated with the instability in somatic tissues. Thus 
an abnormal floral bract occurs on the pedicel of an abnormal flower and 
marks the place where the separation of the staminate and pistillate flowers 
would have occurred normally. Evidence was offered to prove that segrega- 
tion of the sexes occurred in the meristematic part of the flower stalk and that 
“sex differentiation is a matter of qualitative cell division in somatic as well 
as in germinal cells.” He stated further that sex dimorphism depends upon 
the kinds of units involved and their period of occurrence. Thus, in dioeci- 
ous plants the differentiating cell division occurs in the germ cell, in monoeci- 
ous plants at a later stage during flower formation, and in hermaphrodite 
plants at a still later stage during the development of sex organs. Finally he 
suggested that “if future cytological research should asvsociate the male (or 
the female) sex in the Begonias with the presence of an accessory chromo- 
some, then the position taken up by that chromosome in the qualitative 
cell divisions which divide the growing cell into end and lateral daughter cells 
will determine the primary sex of the flower just as the passage of such an 
accessory chromosome into one of the two alternative germ cells determine 
the sex of the individual.” 

Shaffner (1919) found in the dioecious plant Cannabis saliva L. that when 
it is grown out of season, with deficient light on a shallow soil, the female 
heredity which was at first active became suppressed giving away to the 
male inheritance which then became active. He concluded that “the change 
takes place in the vegetative body and is plainly caused by an internal 
change of the physiological state or condition of the meristematic tissues 
from which the flowers are produced.” This statement clearly signifies a 
segregation of the sexes at some point in the meristematic tissue of a dioe- 
cious plant that becomes monoecious due to the action of environment al- 
though there is considerable time between the expression of the two sexes. 

In view of these conclusions the present findings in Begonia are not with- 
out the support of other investigators. 
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Microsporogenesis 

The archesporium arises from the third layer of cells below the epidermis 
(fig. 10). This line of cells divides to form a layer on the outside and the 
sporogenous tissue within. The layer, now third under the epidermis (PI. 
XXVII, fig. ii), divides lengthwise to form a fourth layer and this becomes 
the tapetum surrounding the sporogenous tissue. In some cases a second 
division takes place, making the tapetum the fifth layer from the epidermis. 

As the sporogenous tissue develops, the epidermal layer of the anther, 
and to a lesser extent the one just below it, becomes impregnated with a 
yellowish substance. The third layer loses its cell contents, and the tapetum 
stains deeply. In mature anthers only the tapetum and the second layer 
together with the epidermis remain, because the other cells between are 
absorbed apparently with the growth of the tapetum. 

The sporocytes in a locule are usually in the same stage of meiosis, which 
however is generally a different stage from those of other locules in the same 
anther. There is therefore a wide range of stages in a single male flower 
which contains about 28 small stamens. Usually the outer stamens of the 
group mature earlier than the inner ones. 

Prophase of Meiosis 

A mature microsporocyte ready for meiosis contains a large nucleus 
occupying about one half of the cell cavity (fig. 12). The nucleolus lies at 
one side of the nucleus, and in fixed material it is surrounded by a clear area 
(fig; 13) • The nucleus likewise lies at one side of its cell. The asymmetrical 
position of the nucleus persists through all stages, even up to the pollen 
tetrads. The nucleus contains a fine chromatic reticulum (fig. 14). 

Certain strands of this chromatic network thicken coincident with the 
absorption of others and deeply staining threads become established (fig. 15). 
At this time and in later stages it is clear that the thread system is attached 
to the nucleolus (fip. 14, 16). No pairing of threads has been observed 
at this period of meiosis. 

Synizesis 

The thickening and condensation of the threads continues and the thread 
system gradually draws away from the nuclear membrane (fig. 16). The 
nucleolus frequently elongates at the point where it is attached to the 
thread system, thus becoming somewhat pear-shaped. Material appears to 
pass rom the nucleolus into the threads (fig. 17), and the nucleolus stains 
rnuch less deeply indicating that it has lost much of its contents. Masses of 
chromatin appear around the nucleus in grape-like clusters (fig. 18). The 
rest of the thread system which has not thus condensed gathers towards the 
contracted mass pi. XXVIII, fig. 19), and the nucleus passes into the con- 
ition 0 mid-synizesis (fig. 20) with all of the chromatic material contracted 
around the nucleolus and generally at one side of the nucleus. This condi- 
^ time, perhaps longer than any other stages of meiosis. 
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Frequently, before synizesis, the nucleolus may appear like a top around 
which a thread has been wound; or, it may resemble a fan-shaped arrange- 
ment of the threads. These conditions support the view of a definite con- 
nection between the thread and the nucleolus as reported by Van Camp 
(1924) for Clivia miniata, and Cleland (1924) for Oenothera franciscana sul- 
fur ea. 

The nucleus emerges from synizesis through the gradual expansion of the 
thread system, as is illustrated by the figures 21 and 22. Finally an appar- 
ently continuous thread becomes evenly distributed through the nucleus, 
and the nucleolus, now staining more deeply, passes to the center (fig. 23). 
This is the stage of the open spireme. 

Synapsis and Segmentation of the Spireme 

The spireme gradually thickens in certain regions between which the 
thread becomes thin as though material had passed into these denser regions 
(fig. 24). Some of the threads come to lie parallel, in certain cases appar- 
ently because the sides of the loops approach one another (fig. 25), and fre- 
quently these threads lie so closely together as to twist about one another 
(figs. 26, 27). This seems to be the period of synapsis, since at this time 
homologous chromosomes become associated in the preparation for the 
later bivalents. 

The drawing out of the thinner portions of the thread results in a seg- 
mentation of the spireme with the thicker regions as centers of chromosome 
organization. It is difficult to count the segments because of their varied 
forms and because the process of condensation generally brings them into 
confused groups, but the number seems to correspond closely to the chromo- 
some count of 6 bivalents. This is the stage of second contraction. 

Diakinesis 

This stage really begins during the period of second contraction when the 
paired threads may be recognized in a state of synapsis. The paired 
threads may still be observed while the chromosomes are in an early stage 
of condensation (figs. 26, 27). Later it becomes evident that each thread 
gives rise to a chromosome (fig. 28), This is the true stage of diakinesis. 

Although the chromosomes gradually become shorter and thicker they 
still retain a spiral form. Remnants of the linin threads may be observed 
attached to chromosomes (fig. 29). The chromosomes now become evenly 
distributed throughout the nuclear cavity and as they continue to shorten 
the spiral twists disappear. Finally the chromosomes assume their normal 
curved form and the association in pairs becomes less evident (PL XXIX, 
fie:* 30). 

Spindle Formation 

After the condensation of the chromosomes the nuclear membrane grad- 
ually breaks down. The nuclear space becomes oval in form and spindle 
fibers begin to appear (fig. 31), becoming conspicuous even before the meta- 
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phase stage. For this reason when the chromosomes are grouped on the 
spindle m preparation for metaphase (fig. 32), they may give the impression 
of irregular arrangement. This irregularity is, hoivever, shortly followed by 
a grouping of the chromosomes in pairs (figs. 33, 34) preliminary to the 

metaphase hgure. 

Metaphase and Anaphase 

After Ae spindle is formed the homologous chromosomes are found 
dosely paired, and arranged on the equatorial plate. The association is so 
intimate as sometimes to conceal the identity of each homologue (figs. 35 
36), and the individual chromosomes of each bivalent are difficult to recog- 
mze. They are most clearly shown in polar views of the equatorial plate 
(fig. 37) in metaphase. 

The arrangement of the chromosomes follows the usual pattern for the 
heterotypic mitosis and anaphase pre.sents no exceptional features. One 
half of the chromosome complement passes to each pole of the spindle (fig. 
38) as reduction takes place. Metaphase and anaphase may frequently be 
found in the same locule of the anther. 


Telophase and Interkinesis 

During anaphase of the heterotypic mitosis there appears the first evi- 
dence of a_ lengthwise fission of each chromosome in preparation for the 
homoeotypic division (fig. 39). Therefore six split chromosomes are carried 
into telophase. The halves of the chromosomes at first remain attached 
at their ends forming V’s but later become quite separated from one another 

( g. 40) except for thread connections that form an imperfect network within 
the nucleus (figs. 41, 42). 

Interkmesis IS a well-defined period between the heterotypic and the 
omoeotypic mitoses during which the nucleus again acquires a nucleolus, 
e halves of the split chromosomes lie so far apart that 12 chromosomes 
are easily counted. It is difficult to recognize that association of the halves 

of split chromosomes which is so commonly found at this period of meiosis 
in many plants. 

Homoeotypic Mitosis 

The homoeotypic mitosis presents no important distinctive features. 
VYY r ^ chromosomes become associated during prophase (PI. 

AA, hg. 43) and at metaphase come so closely together that they are not 
easi y recognized (fig. 44), and then are distributed, 6 chromosomes passing 
to eacn pole (hg. 45) . During telophase the chromosomes elongate (fig. 46) 
and presently form a close network of delicate threads. 

Cytokinesis 

During synizesis the cytoplasm starts to withdraw from the cell wall. 
Contraction begins at the corners of the cell (PI. XXVIII, fig. 19), thus 
rounding oil the edges of the protoplast, which then becomes much smaller in 
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volume in comparison with the size of the nucleus. By a later breaking 
down of the primary walls the cells of the sporogenous tissue become sep- 
arated and finally lie freely in the fluid of the pollen sac. A secondary wall 
gradually forms and thickens as sporogenesis proceeds until it becomes a 
conspicuous structure in later stages of meiosis (fig. 47). Castetter (1925) 
found such a wall in Melilotus which he thought to be a callose secretion of 
the sporocyte. 

Cytokinesis results from a cleavage of the cytoplasm by furrowing, 
similar to that described by Farr (1916) in Nicotiana. In the telophase of 
the heterotypic mitosis, thickenings clearly visible under the low power ob- 
jective were observed at the median plane of the spindle (fig. 47). These 
however are not concerned in the formation of a wall. Following the horn- 
oeotypic mitosis fibers were found connecting the four daughter nuclei (fig- 
46). Vacuolization occurs in the equatorial plane of these fibers (fig. 48) 
as has been observed by Castetter (1925) in Melilotus. Furrows from the 
periphery cut inward through these vacuoles and, meeting at the center of 
the cell, divide the protoplast into four tetrahedral daughter cells (fig. 49). 


Extensions of the secondary wall follow the planes of the cleavage furrows. 
The secondary wall is of temporary nature since it disorganizes before the 





pollen grains reach maturity (fig. 50) 


Megasporogenesis 

Development of the Ovule and of the Integuments 

During the formation of the ovules the placenta stains deeply because the 
cells become filled with globules of food material. Swellings which later 
become ovules arise subepidermally from the placenta. A young ovule is 
at first an outgrowth composed of a few rows of cells (text fig. 3). Rapid 
cell divisions at its tip differentiate an enlarged upper portion from a thin 
stalk. Further divisions considerably enlarge the tip which then begins to 
curve towards the placenta (text fig. 4). As the ovule bends, the epidermal 
cells in its dorsal region increase in size and the inner and outer integuments 
arise from this dorsal portion of the ovule (text fig. 5). 

The outer integument grows more rapidly and its outer layer is composed 
of very large cells. The inner integument made up of small cells develops 
more slowly but finally grows beyond the tip of the nucellus leaving only a 
minute micropyle. The final result of the development is an anatropous 
ovule (text fig. 6). 

Meiosis 

The megasporocyte is differentiated in the nucellus as the second cell 
below the epidermis and is easily recognized after the integuments begin 
to appear (text fig. 5). It becomes a large cell as the ovule develops. The 
history of meiosis is the same as in the microsporocyte except that in the 
megasporocyte the odd chromosome is present. This chromosome can be 
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recognized at the metaphase of the heterotypic mitosis as an unpaired coiled 

cliromosome (PL XXXI, figs. 60 s, 61 s). 


Text Fig, 3* Early stages in the development of the ovule. 

Text Fig. 4. Older ovule beginning to curve, integument starting to develop. 

Text Pig. 5. Ovule with definitely formed megasporocyte and integument initials. 

The early stages of meiosis take place during the development of the 
ovule and the heterotypic metaphase does not occur until the ovule is at 
least as old as that shown in text figure 6. The prophase of meiosis follows 
the same history as in the microsporocyte. There is a long period when the 
nucleus is in synizesis (PL XXXI, figs. 51, 52) followed by the formation of a 
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Spireme on which thickenings may be observed where the chromatin material 
seems to collect (fig. 53). Loops are developed and the threads pair with 
one another (fig. 54). Segmentation of the spireme follows as a result of the 
drawing out of the thinner portions of the threads. There is then a second 
contraction of chromatic material (fig. 55) during which synapsis is contin- 
ued by a further twisting of the paired threads (fig. 56). Soon the pairs 


Text Fig. 6. Ovule with megasporocyte in early stage of meiosis, outer integument 
covering the inner integument. 

loosen, each thread becoming a chromosome which at first retains the spiral 
twists of synapsis (fig. 57). 

The chromosomes then shorten and assume their usual form (fig. 58). 
During the formation of the spindle the homologous chromosomes become 
arranged in pairs (fig. 59). Metaphase follows and in this stage the bivalent 
chromosomes are easily counted and their form and size determined, the 
odd chromosome 5 being easily recognized by its spiral form (figs. 60, 61). 
A lengthwise splitting of the chromosomes in preparation for the homoeo- 
typic mitosis gives V-shaped structures during telophase that persist into 
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interkiiiesis {fig. 62). Soon the homoeotypic division takes place (PL 
XXXII, figs. 63, 64) and the four megaspores are formed. 

Our chief interest in this history concerns the behavior of the odd chrom- 
osome which makes the count in the megasporocyte 13 in contrast with the 
count of 12 in the microsporocyte. 

During anaphase of the heterotypic mitosis when the homologous chrom- 
osomes have segregated, the odd chromosome is found to pass to the pole 
nearest the micropyle. Because of the splitting of the autosomes the two 
nuclei following the heterotypic mitosis contain 13 and 12 chromosomes, 
respectively (fig. 62). These two nuclei usually divide simultaneously in 
the homoeotypic mitosis (fig. 63), although the mitosis nearest the micro- 
pyle may proceed more rapidly (fig. 64). The four megaspores which result 
are arranged in a line (fig. 65), the two inner nuclei of the series having six 
and the two nearest the micropyle having seven chromosomes. The egg 
nucleus of the embryo sac carries the odd chromosome. 

Discussion 

As in other characters of an organism, sex determination depends on two 
principal factors, heredity and environment. There seems little doubt that 
both factors take part in the determination of sex, in spite of some extreme 
views which recognize only one of the factors. Many investigations have 
been made on the role played by these factors, with remarkable results. A 
few examples will be cited and the influence of environment on sex will be 
considered first. 

As early as 1879 Prantl observed that strong light caused the production 
of female prothallia in ferns, while weak light caused the production of male 
prothallia. Later in 1881 he showed that strong light and abundant food 
supply induced the production of archegonia and the reverse condition the 
production of antheridia in Eguisetum. Buchtien (1887) supported these 
conclusions, but Darling (1909) pointed out that the prothallia with which 
Prantl worked were not strictly dioecious but had only a tendency to di- 
oeciousness. The important studies of Klebs (1896) proved that environ- 
ment determined the production of vegetative branches, zoospores, or game- 
tes in certain algae. Cutting (1910) showed that sex in Marchantia, appar- 
ently so stable, is not wholly determined by segregation. That sex in ferns 
is influenced by environment has been showm by the experiments of Wuist 
(1913) on Onoclea, Nagai (1915) on Osmunda and Asplenium^ and Czaja 
(1921) on several other species. 

Shaffner (1919-1928) has made extensive reports on the influence of 
environment on sex, studying the effects of age, nutrition, light, etc., in 
Cannabis saliva, Moms alba, Salix amygdaloides, Humulns japonica, Thalic- 
trum dasy car pim, and Arisaema Dracontium, His conclusions were posi- 
tively in favor of the environmental factors as modifiers of sex. He was 
able to reverse the sex of the dioecious plant hemp, and to produce intersexes 
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or only one sex by changing environmental conditions of the plant. How- 
ever, he does not disregard the internal mechanism as a factor collaborating 
with environment in the determination of sex. 

It is claimed by Ciesielski (1911) that the age of pollen has an influence on 
the sex of hemp, fresh pollen grains giving rise to seeds producing male 
plants, and old pollen grains to female plants. However, Bessey (1928) 
working with hemp found that the age of pollen had no effect on the sex of 
the resulting offspring. 

That environment affects the chromosomes has been demonstrated by 
Belling (1924“! 925) who showed that warmth decreased the number 
and size of chromosomes in Cypripedium acaule, and that cooling at night 
and changes of temperature for three years caused chromosomal mutations 
in Uvularia. Hirata (1927) claimed that sex in hemp is due to XF chromo- 
somes and may be influenced by environment through its action on enzyms 
affecting sex. 

In animals, the effects of environment on sex have also been studied. 
Riddle (1912) found that the kind and amount of food modified the sex of 
pigeons, and that eggs of small size, high water content, and small energy 
content are male-producing while those of opposite characters are female- 
producing. Hertwig (1912) working in frogs stated that over-ripe eggs 
produced an excess of male offspring and vice versa. Lillie (1917) reported 
for twins in cattle that the secretion of a certain hormone by a male embryo 
arrests the normal development of an accompanying female, producing the 
sterile “free martin.” Minoura (1921) found that grafting of reproductive 
tissues changes the sex of the chick, but that grafts from liver and other 
non-sexual organs had no effect. 

On the other hand, proofs that sex is determined through inheritance are 
overwhelming. The idea was first suggested by Mendel himself. The 
first demonstrations were made through animals. 

In 1891 Henking observed additional chromatin material which he 
thought to be a nucleolus in half of the spermatids of Pyrrhocoris. Other 
investigators, McClung (1899), Paulmier (1899), and Montgomery (1901), 
reporting similar conditions in other insects such as Anasa, Protenor, and 
species of grasshoppers, discovered this body to be an accessory chromosome 
and McClung associated it with the determination of sex. 

It was later found that sex determiners may occur in pairs, and may be 
located in the male or in the female individual. When the male carries the 
sex chromosome it produces two kinds of sperms, as in the Lygaeus XX-XY 
type described by Montgomery (1901). The female may behave in the same 
way, as in the moth Abraxas grossulariaia ZW-ZZ type described by Don- 
caster (1913-1914), or the ZO-ZZ type in Taloepora tnhulosa described by 
Seiler (1917). Cytological and genetic evidence has firmly established the 
presence of sex chromosomes in many animals and an extensive literature 
had been developed about the subject, recently reviewed by Schrader (1928). 


Apr., 1932] 


PASTRANA — SPOROGENESIS IN BEGONIA 


377 


Sex chromosomes have been located, and described as to their behavior, size, 
and shape, and environmental factors affecting them have been determined. 

In plants the idea of a Mendelian inheritance of sex was early supported 
by Strasburger (1900), Bateson and Saunders (1902), and Castle (1903). 
In 1906, Blakeslee observed that sexual segregation occurred in Phy corny ces 
nitens. This was shown by Burgeff (1914-1915) to be due to nuclear differ- 
ences in the hyphae. The Marchals (1907) demonstrated that in certain 
mosses internal mechanism rather than environment determined sex and 
that segregation of the sexes occurred at meiosis. Correns (1907) found two 
kinds of pollen grains in the dioecious plant Bryonia, but only one kind of 
egg. Strasburger (1909) observed that of the four spores of a tetrad in 
Sphaerocarpos two developed male and two female gametophytes. It was 
suggested that the development of distinct male and female plants from the 
tetraspores of Polysiphonia indicates a segregation of sex factors in sporo- 
genesis. These illustrations indicate that segregation of the sexes takes 
place in the life cycle of some plants through nuclear mechanism. Sex 
chromosomes in plants were, however, not identified until Allen (1917) 
discovered them in Sphaerocarpos Donnellii. 

In certain dioecious angiosperms several investigators through genetical 
studies reported two types of pollen grains. Strasburger (1910) suggested 
the possibility of such condition. Correns (1907) in Bryonia and Shull 
(1910) in Lychnis demonstrated that male plants were heterozygous for sex. 

In 1923 investigators working on four different dioecious plants dem- 
onstrated two types of pollen grains differing in the presence or absence of 
an accessory or sex chromosome, thus presenting the same situation as is 
found in certain animals. This was shown by Santos for Elodea, Kihara and 
Ono for Rumex, Winge for Hum-uhis, and Blackburn for Melandrium, 
Later studies by Meurman (1925) have added several species of Populus to 
the list. These cytological studies on plant material give support to the 
suggestions of earlier workers, Strasburger (1900), Correns (1907), and Shull 
(1910), that sex is determined through a mechanism of inheritance. 

In conclusion, the following quotations may serve to express the pre- 
vailing opinions on the determination of sex. Thoms^pn (1913) states that 
“if nutritive and other environmental influences are operative, it is, in the 
main, by affecting the production and survival of sexually predestined germ- 
cells.’' Sharp (1926) expresses the opinion that “under ordinary conditions 
it is the genetic factors that are differential,” and that “the effects of heredity 
and environment are not so much opposed as complementary.” Wilson 
(1928) affirms that “investigations upon the nature of sex were long dom- 
inated by the preconceived notion that it is determined by conditions ex- 
ternal to the germ, but the inadequacy of this view is now conclusively 
demonstrated. ... It seems clear, however, that external conditions oper- 
ate merely to incite the development of one set of sexual characters at the 
cost of the opposite set in an organism that is actually or potentially monoe- 
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clous or hermaphroditic.” In dioecious organisms, '‘both the genetic and 
cytological evidence demonstrates the existence in the germ-cells of a definite 
internal mechanism that is adjusted for an automatic production of the 
sexes under identical external conditions. It is probable, therefore, that 
in so far as external conditions affect sex production it is in all cases through 
their influence upon the internal mechanism.” 

It is not the purpose of this paper to claim that sex inheritance is purely 
Mendelian in character, for although more generally heredity appears to 
determine sex, the results have been modified by experimental control of 
environmental conditions. The two factors go hand in hand and sex is 
determined by their interrelation. The internal factors depend on the 
structure of chromosomes subject to the influence of hormones and enzyms, 
and these in turn are influenced by the environment under which the plant 
thrives. The external stimuli may either be favorable or lethal and the 
latter may vary in toxic effects from a mild inhibition to actual destruction. 
There is an interdependence of the individual organs together with a relation 
to an outside world. Chromosomes are vehicles of sex determination, but 
are subject to outside influences. Confirmation of the latter conclusion does 



not disprove the former statement. 

It is here proposed that the accessory chromosome present in the pistil- 
late and absent from the staminate flowers of the monoecious plant Begonia 
is a sex determiner of a like nature to that found in the pollen or spores of 
several dioecious plants, although its critical behavior as a determiner of the 
sex in Begonia occurs with the differentiation of the flower initials rather than 
at meiosis. Since it has been shown that sex chromosomes or determiners 
are present in both animals and plants, it is but natural to expect that they 
should be present in such a highly evolved plant as Begonia, 

When sex determiners are carried by the male gamete, a permanent 
separation of the sexes is assured as in the case of animals and dioecious 
plants. Sex is acquired by chance because two kinds of male gametes give 
two different zygotes in the fertilization of the sexually similar eggs. 

However, since the sex chromosome present in the monoecious plant 
Begonia can not be found in the male gamete, for in that case a dioecious 
condition would result, it must therefore be present in the female gamete so 
that the offspring will be constant to the monoecious character of the species. 
Fertilization then can give only one type of plant because there is only one 
kind of pollen grain to fertilize one kind of egg, that which bears the sex 
determiner. 

Segregation of the sexes must take place before the formation of the 
flower, for should it occur later during the formation of .sex organs, the 
flower would be hermaphroditic as pointed out by Bond (1915). The mon- 
oecious condition in Begonia is due to the fact that the vSegregation of a sex 
chromosome occurs before the formation of the flowers and that the presence 
of the sex chromosome determines the development of a pistillate flower and 
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its absence the developntent of a staminate. Therefore the present findings 
are what might be expected with respect to the segregation of the 
sexes and the final location of the sex chromosome in the egg. 

The gap between sex segregation in dioecious plants, which occurs in 
the germ cells, and that in the monoecious plant, which takes place during; 
floral development seems a wide one. In the evolutionary stages this has 
probably been bridged by the occurrence of sex segregation at different 
points of location intermediate between the two. One might venture to 
speculate that this is one reason why sex in monoecious plants may be un- 
stable; for e.xample Bond (1915) showed the presence of abnormal flowers 
With characters of both sexes. 

A detailed study of chromosome counts in the family Begoniaceae would 
be mteiesting. Heitz (1927) made such a study in 15 of the genera. He 
counted 29-32 chromosomes in “ Begoniastrum Schmidtiana.” This must 
be a diffeient species from the Begonia Schmidtiana of this paper. Heitz’s 
counts indicate that his forms were polyploids, mostly tetraploids, and that 
the Begonia Schmidtiana under consideration here is a more primitive type 
Moreover, it is interesting to note that his counts for species were not con- 
stant, thus: he records 36-42 chromosomes in Pritzelia scandens 28-30 
chromosomes in Augustias Dregei and Magnusia metalica and 24-28 chrom- 
osomes m Petermannia isoptera, Huszia Baumanii, Magnusia conchaefolia 
Donaldia ulmifoha, and unclassified varieties of Java assamica and mexicana 
These numbers indicate that they are tetraploids whose chromosome num- 
bers are multiples of 6 and 7, the counts in Begonia Schmidtiana Regel. His 
other counts show that there is a great irregularity among the chromosome 
counts in different speaes. This is to be expected considering the extensive 
hybridization and cultivation that the plant has undergone. 

Concerning sporogenesis and the life history in general, the following 
peculiarities deserve mention. Pairing of threads was observed after syn- 
izesis, in stages of the thicker spireme before diakinesis. Segmentation of 
the spireme is delayed until diakinesis. The connection of the nucleolus 
With the thread system is very evident. 

The sex chromosome present in the sporophyte comes to enter the egg 
because it passes into the nucleus of the secondary megasporocyte that is 
nearest the micropyle. There seems to be a certain polarity of the hetero- 
typic mitosis that directs this movement. 

Summary 

I. The sporophyte has 13 chromosomes of four types. One is unpaired, 
and is absent from the staminate flower, which consequently has 12 chromo- 
somes in contrast to the pistillate flower with 13 chromosomes. 

^ 2. The unpaired chromosome is probably concerned with the determina- 
tion of sex. It fails to enter the stem initial from which the staminate 
ilower IS developed. 
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3. The prophases of meiosis show a definite connection between the 
chromatic thread system and the nucleolus from which material passes into 
the threads. 

4. Parallel threads were not observed until after synizesis. The parallel 
threads become nodulated before segmentation, the regions between growing 
thinner until separation is effected, and the nodules become centers of chrom- 
osome organization. 

5. The number of segments seems to correspond to the number of biva- 
lents found in the microsporocyte, that is, 6 pairs. Later, in diakinesis, the 
segments are recognized as 6 pairs of twisted threads. 

6. Diakinesis begins during the period of second contraction when the 
paired threads may be observed in a state of synapsis. 

7. The association of the homologous chromosomes at metaphase of the 
heterotypic mitosis is sometimes so intimate as to conceal their identity 
in the bivalents. 

8. The first evidence of a lengthwise division of each chromosome in 
preparation for the homoeotypic division appears during anaphase of the 
heterotypic mitosis. 

9. During interkinesis the halves of the split chromosomes lie so far 
apart that the 12 chromosomes are easily counted. 

10. The nucleolus, which disappears before the heterotypic mitosis, re- 
appears rather suddenly during interkinesis as though it might be a reservoir 
of chromatin supply. 

11. Cytokinesis is accomplished by cleavage furrows that cut inward 
from the periphery through vacuoles that lie between the four nuclei follow- 
ing the homoeotypic mitosis. Extensions of a secondary wall follow the 
planes of the cleavage furrows, but this wall disorganizes before the pollen 
grains reach maturity. 

12. The megasporocyte is differentiated at the tip of the small nucellus. 
The details of meiosis in megasporogenesis are essentially the same as in 
microsporogenesis. 

13. The odd chromosome is easily recognized at metaphase of the hetero- 
typic mitosis by its spiral form. It passes to the pole nearest the micropyle 
with 6 of the 12 autosomes. 

14. Because of the splitting of the autosomes the two nuclei of the inter- 
phase of megasporogenesis following the heterotypic mitosis have 13 and 12 
chromosomes, respectively. 

15. Following the homoeotypic mitosis the four megaspores are arranged 
in a line, the two nuclei nearest the micropyle having 7 chromosomes each, 
and the two inner nuclei 6 chromosomes. The egg nucleus of the embryo 
sac carries the odd chromosome, making a total of 7 chromosomes in its set. 

The writer wishes to thank Professor H. H. Bartlett for suggesting the 
material, which was generously supplied by the Botanical Garden; and she 
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is greatly indebted to Dr. B. M. Davis, under whose direction the study was 
conducted, for important criticism, interest, and encouragement. 
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Plate XXVI 

Fig. I. Cell from root tip, 13 chromosomes. 

Fig. 2. Cell from the embryo, 13 chromosomes. 

Fig. 3. Cell from the hair of the stem, 13 chromosomes. 

F'ig. 4. Cell from the pistillate flower initial, 13 chromosomes. 

Fig. 5. Cell from the nucellus of ovule, 13 chromosomes. 

Fig. 6. Cell from the staminate flower initial, 12 chromosomes. 

Fig. 7. Cell from the petal of staminate flower, 12 chromosomes. 

Fig. 8. Cell from epidermis of the anther, 12 chromosomes. 

Fig. 9. Cell from archesporial initial, 12 chromosomes. 

Fig. 10. Archesporium in anther showing its origin from the third layer of cells 
below the epidermis. . 

Plate XXVTI 


Fig. II. 
Fig. 12. 
Fig. 13. 
Fig. 14. 
Fig. 15. 
Fig. 16. 
Fig. 17. 
Fig. 18. 


Fig. 19. 
Fig. 20. 
Figs. 21 
Fig. 23. 
Fig. 24. 
Fig. 25. 
Fig. 26. 
Fig. 27. 


Sporogenous tissue with surrounding tapetum. 

Resting cell of the sporogenous tissue. 

A later stage with a delicate chromatin network. 

Formation of chromatin thread attached to the nucleolus. 

A definite spireme. 

Thread system entering synizesis. 

Early synizesis showing material passing from the nucleolus, into the threads. 
Further condensation of chromatin material. 

Plate XXVIII 

Mid-synizesis showing the contracted thread sysLen:. 

Mid-synizesis. 

AND 22. Emerging from synizesis. 

Open spireme. 

Chromatin nodules on spireme. 

Pairing of threads. 

Paired threads twisted. 

Second contraction, twisted threads. 
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Fig. 28. Diakinesis, the chromosomes in pairs. 

Fig. 29. Univalent chromosomes following diakinesis. 

Plate XXIX 

Fig, 30. Further condensation of chromosomes. 

Fig. 31. Beginning of spindle formation. 

Fig. 32. Homologous chromosomes becoming arranged in pairs on spindle. 

Fig, 33. Homologous chromosomes closely paired. 

Fig. 34. Polar view of equatorial plate showing pairing of univalents. 

Figs. 35 and 36. Metaphase of the heterotypic division, the univalents closely 
paired. 

Fig. 37. Polar view of later metaphase, the^vUnivalents beginning to separate. 

Fig. 38. Anaphase of heterotypic mitosis. 

Fig. 39. Late anaphase showing splitting of the chromosomes. 

Fig. 40. The daughter chromosomes separating after the split in late anaphase. 

Figs. 41 and 42. Inter kinesis showing univalent chromosomes and remnants of 
thread connections. 

Plate XXX 

Fig. 43. Daughter chromosomes becoming associated preliminary to. the homoeotypic 
division. 

Fig. 44. Flomoeotypic metaphases. 

Fig. 45. Homoeotypic anaphases. 

Fig. 46. Nuclei of the tetrad with connecting fibers. 

Fig. 47. Secondary wall formed inside the primary* wall. 

Fig. , 48. Tetrad showing vacuolization at the equatorial planes. 

Fig, 49. Secondary wall following the furrows that have cut out the microspores. 
Fig. 50. Tetrad of microspores. 

‘ Plate XXXI 

Figs. 51 and 52. Synizesis in the megasporocyte. 

Fig. 53. Spireme with chromatin nodules, following synizesis. 

Fig. 54. Pairing of threads. 

Fig. 55. Second contraction of chromatin material. 

Fig. 56. Diakinesis, the chromosomes in pairs. 

Fig. 57. Univalent chromosomes following diakinesis. 

Fig. 58. Further condensation of chromosomes. 

Fig. 59. Homologous chromosomes becoming arranged in pairs on the spindle. ’ 
Figs. 60 and 61. Metaphase of heterotypic division in the megasporocyte, i', odd 
chromosome. 

Fig. 62. Interkinesis in the megasporocyte. 


Plate XXXII 

Fig. 63. Metaphases of the homoeotypic division showing 6 chromosomes on one 
spindle and 7 chromosomes on the other. . 

Fig. 64. Metaphase of homeoty pic division in one cell, anaphase in the other. 

Fig. 65. Megaspores (tetrad) showing relation to two large cells of the nucellus at 
the micropylar end. 
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STUDIES ON PETUNIA III. A REDESGRIPTION AND ADDI- 
TIONAL DISCUSSION OF CERTAIN SPECIES OF PETUNIA 

Margaret C. Ferguson and Alice M. Ottley 
(Received for publication October 26, 1931) 

If the studies of the geneticist are to be of unquestioned value, they must 
be based on clearly defined material. Organisms used in deriving hybrids for 
the purpose of genetical analysis should be known to meet our tests, at present 
not altogether satisfactory, for pure lines. The gametic purity of parents 
should be determined for at least those characteristics which are to be studied 
in the succeeding generations. . Research, based on a race of animals or plants 
of unknown descent or on hybrids artificially derived from parents whose 
genotypical constitution for the characters scrutinized is unknown, can at best 
not be of the highest value. The above may seem a mere recital of truisms 
and therefore unnecessary of statement. But one cannot read any consider- 
able poition of the genetical literature which has appeared during the last 
quarter of a century without feeling the necessity of reemphasizing these 
fundamental facts. ^ This is especially pertinent to many investigations based 
on the genus Petunia. Due to the looseness with which specific entities have 
been respected in this genus, it has seemed desirable to redescribe and illus- 
trate the three species of which, in addition to certain cultivated 

strains, are being studied at Wellesley College. It will thus be perfectly clear 
what the entities are that form the basis of our investigations. To date only 
preliminaiy papers based on these studies have appeared (Ferguson 1028* 
Brooks, Watt, and Ferguson, 1930). 

Between 1823 and 1835 seeds oi Petunia nycf agmiflor a Jnss. and P. . 
violacea Lindl. were sent from South America to various European countries. 
Plants from these were crossed and I'esulted in a great variety of hybrids, 
some of them of outstanding value to the horticulturist A little later Sir 
William Hooker wrote (1837): ‘‘These varieties of P^^wm . . . were de- 
cidedly among the greatest ornaments of the greenhouse in the Glasgow 
Botanic Garden during the month of May (1836).^’ With regard to these 
■two species Naudiii (1858), as translated from the French, says ; “They are 
[The Journal for April (19: 303-384) was issued April 27, 1932.] 
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not two varieties of the same species for when they are completely isolated 
their seeds reproduce them with perfect constancy and, what is decisive, their 
hybrids have no constancy.’' The Fj generation of the cross between these 
two species is said to have borne self-colored flowers of varying shades but 
never darker than P. violacea lAn^l. In -other respects the plants were con- 
sidered to be more or less intermediate between the two parents. Evidently 
because of color, it early became the practise of the horticulturists to speak of 
them as Petunia violacea. In fact, as one reviews the early literature regard- 
ing the genus Petunia, it becomes apparent that the plant growers of that pe- 
riod used Pehmia violacea as a sort of “ blanket tag ” for all small- flowered, 
colored petunias growing in their greenhouses and gardens. It is not there- 
fore surprising that more recent students of the genus have followed their lead 
and called the garden hybrids on which they have based their studies either P. 
violacea Lindl. or ‘‘ a variety of Petunia violaceaP 

Miss Saunders (1911, 1916) used among other forms “ one violacea plant 
(commercial material).” When visiting the renowned gardens of Sutton’s, 
England, during the summer of 1930, we were assured that they had plants of 
Petunia violacea. Upon reaching the plot where they were growing, we found 
magnificent plants abundantly covered with beautiful, large, velvety, deep- 
purple flowers, the ^‘violacea” of commerce but entirely unlike the species 
which bears this name. 

Skalinska (1921, 1924, 1927) bases her studies on einer polymorphen 
Rasse von Petunia violacea Lindl.” In the last paper she and Cuchtman 
wrote (1927, p. 3, 4) ; 

** Die eine von den beiden Extremen ist eine normale, fast aktinomorphe trichter- 
formige Blute von Petunia violacea von ungefahr 4 cm. im Durchmesser, mit tiefrot- 
violetter Krone. Die Blumen der anderen extremen Form aber sind deutlich zygomorph 
mit einem Durchmesser von i, 5 bis 3 cm. Auch in der Blumenfarbung sehen wir Unter- 
schiede. Das rotviolette Anthokyan, das in der ersten extremen Form die ganze Krone 
gleichmassig farbt, erscheint hier nur in der Blumenrohre in Form eines Ringes und 
kleiner Flecken, der obere Teil der Krone aber hat eine helle, fast weisse Farbe. 
Zwischen den beiden Extremen existiert eine ganze Reihe von tibergangsformen, in denen 
man immer konstatiereii kann, dass je grosser die Blume, desto mehr Pigment sie in ihrer 
Krone enthiilt, so dass endlich die Pigmentflecken miteinander zusammenfliessen, um eine 
gleichformige Blumenfarbung zu bilden. Beide extreme Blumentypen konnen auch auf 
einem Individuum erscheinen ; solche Pflanzen erlialten somit das Aussehen von Chimaren, 
Aus Samen der beiden extremen Typen, sowie aller tibergangsformen, bekommt man 
immer eine Nachkommenschaft, die Vielfdrmigkeit der Rasse wiederholt. Eine Selektion 
der Sprosse bei vegetativer Vermehrung hat als Folge eine Beschrankung der Varia- 
bilitatsskala (6). Jedoch bei der A^ermehrung durch Samen kehrt die voile Variabili- 
tatsamplitude der Rasse schon in der ersten Generation zuriick.” 

From this paragraph alone the conclusion seems inevitable that the study is 
based, not on a pure species, but on a strain of hybrid plants of unknown 
parentage. Skalinska had earlier (1921) justified such a use of the specific 
name by assuming that the range in zygomorphy and color is not the result 
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of an unstable or heterozygous form but is due rather to the variability of a 
single gene, the different phenotypes belonging to a single genotype. But can 
one accept the application of Lindley's species to such a variable form? The 
flowers of P . violacea Lindl., as we know them, have a very characteristic 
shape and are as constant in size and color as one would expect for any species. 
We have grown during the past ten years 13. lines of Petunia comprising 3 
species and 10 cultivated strains. We have repeatedly found almost every 
conceivable variation in certain lines of hybrids, but great constancy of char- 
acters in other cultivated strains as well as in the species. 

One needs only to observe the photographs published by Malinowski 
(1928) to be convinced that he could not have been studying a variegated 
strain of P. violacea Lindl.’’ His flowers vary much in size, the majority 
are much larger than are the flowers of that species and are not self-colored 
but variegated. 

The studies of Matsuda (1927) and those of Kostoff (1930, 1931) were 
based on the garden PefuniaP Each author discussed his plants under the 
name of Petunia violacea. The plants used by Matsuda grew in the gardens 
of the University of California at Berkeley and Kostoff’s original material 
was grown at the Bussey Institution, Harvard University. We have the as- 
surance of botanists from both of these universities that no specimens of the 
true P, violacea Lindl. are, or have been to their knowledge, growing in their 
gardens or greenhouses. At both institutions, however, small-flowered, single 
petunias of unknown origin have been grown. 

The long, cylindrical tubes of the flowers, shown in the photograph, figure 
2 C of Henderson’s (193^) recent paper, are prima facie evidence that the 
host of his tobacco ring spot ” was not Petunia violacea Lindl.” as he 
states. 

The binomial P etunia nyctaginiflora Juss. has been less frequently, so far 
as we are conversant with the literature, misapplied. As early as 1825 Sims 
described and figured a plant which he called '' Petunia nyctaginiflora. Large- 
flowered Petunia.” Neither his description nor his colored figure is appli- 
cable to the species. 

Curtel (1898) described and figured flowers of Petunia nyctaginiflora as 
grown in shade and in sunshine. After growing this species in full sunshine 
for several summers, we cannot accept his figure 13, Plate XIII, as illus- 
trating the flowers of P, nyctaginiflora Juss. The proportion between spread 
of limb and length of tube is very far from that of the species and is again 
suggestive of a cultivated form of the white petunia. 

The above is not a complete list of citations relative to the point under 
consideration. But the references are sufficient to make it clear that there 
should be a more discriminating usage of terms as applied to the species and 
to the hybrids of Petunia. In our studies we have considered a cultivated 
strain pure for a given character when it has bred true for that character (i) 
throughout the entire progeny for each of 4 consecutive generations, (2) in 
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reciprocal crosses between the original parent and later generations, and (•?') 
when individuals from^ different generations have been crossed, as the 4th 
generation of the strain with the 2nd generation, etc. When seeds of a 
species have been obtained the strain is accepted as uncontaminated if for 
three consecutive generations, beginning with that from the original seed, no 
aberrant forms have appeared. It is of course to be understood that in these 
preliminary experiments, as in all later cultures, every precaution is taken to 
exclude incidental selfing or crossing through natural means. During the fall 
winter and spring our plants are grown in a greenhouse supplied with 1000- 
watt, type C lamps with special reflectors. These lamps are used on cloudy 
or stormy days and in the early evening. We plan to give the plants from ii 
to 12 hours of light a day while in the greenhouse. It is our purpose to keep 
the houses m winch the petunias are growing at a temperature not lower than 
50 F. at night or higher than yQ° in the daytime, but on hot sunny days the 
houses of course reach a higher temperature. During the first week in June 
young seedlings and cuttings of older plants are transferred to the genetics 
garden. This is a well cultivated field with medium rich soil and full ex- 
posure to sunlight. It is enclosed by a “ boy proof ” fence and fully supplied 
with a Skinner irrigation system. The study continues in the open field until 
about September 10, sometimes a little earlier or a little later depending on the 
season. During the present summer (1931) something over 24,000 pedigreed 
plants of Petunia are growing in this field. 

We have constantly endeavored, as partially reported by the senior author 
(1928), to secure seeds of as many species of Petunia as possible. To date 
we have succeeded in doing so for only three species. Fortunately, these are 
very important species historically since the generic name was based on two 
of them, and one of these two and the third are the two species from which 
practically all the cultivated strains of Petunia grown today have descended 
as a result of intercrossing. These species are Petunia axillaris (Lam.) 
B.S.P., (P. nyctaginiflora Juss.), P. parviflora Juss., and P. violacea Lindl. 

.We are greatly indebted to Professor Lorenzo R. Parodi from whom we 
received, on January 5, 1924, mature capsules, well filled with seeds, of P. 
axillaris. These were received under the name, by which they have been com- 
monly known, of P. nyctaginiflora Juss. Professor Parodi collected the seeds 
m Buenos Aires, Argentina, on December 30, 1923. These seeds were sown 
in flats and from 200 to 300 seedlings were transferred to the genetics field 
in t e spring. The vegetative and floral parts of these plants were practically 
uniform throughout the entire progeny. From this date to the present time 
this species has been kept continuously under cultivation both as seedlings and 
as cuttings. During these eight years five different generations comprising 
several thousand plants have been grown and not a single aberrant form has 
appeared. One is surprised at the constant uniformity of both vegetative and 
floral parts. This species is known in our cultures as population fourteen 

14) . \\ e are further indebted to Professor Parodi for our population 
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seven (P 7), Petuma parviflora Juss. The seeds were collected by Professor 
Parodi at Pto Nuevo, Buenos Aires’’ on December 8, 1929. The notation 
“ Common in Buenos Aires ” was on the packet. More than 200 seeds from 
the packet were sown in early spring. A large percentage germinated. The 
plants showed great uniformity in all vegetative and reproductive parts and 
the species has been continued as for P 14. 

Not until the summer of 1930 did we succeed in obtaining Petunia violacea 
Liiidl. Packets of seeds marked Petunia violacea have been received at dif- 
ferent times from various sources. In every case plants grown from this 
seed showed unquestionable evidence of hybrid nature and all were discarded 
without further culture. Last summer (August, 1930) we received through 
the courtesy of Mr. A. D. Cotton, Keeper of the Herbarium and Library at 
the Royal Horticultural Gardens at Kew, England, several cuttings of Petunia 
violacea Lindl. The plants from which these cuttings came were obtained 
from seed sent to Kew in 1916 by C. E. R. Rolland, vice consul at Montevideo, 
Uruguay. These plants have not set seed at Kew and have been continued 
to the present time by cuttings. Only one of the cuttings received by us lived. 
From this one, however, we have today twenty-eight healthy plants. Four 
have been kept in the greenhouse during the summer and the rest are in the 
open field. They show no significant variations either as to vegetative or to 
floral parts. We have designated this species population nine (P 9). These 
plants have a marked tendency to self-sterility but cross freely, especially 
when used as the pollen parent, with the other strains which we are growing. 

During the winter and spring many attempts were made to secure seeds 
by artificially selling the flowers of Petunia violacea. As a result of numerous 
selfings but three capsules with viable seeds were formed. One capsule con- 
tained 88 seeds, one burst during the night and the next day but 2 seeds 
remained in it, and the thii'd yielded but 59 seeds. Strong young plants are 
now growing from these seeds. They have just begun to flower and so far 
they are not distinguishable from the young cuttings of our original stock. 
To our surprise this summer several capsules have appeared on the plants in 
the greenhouse and on those in the open. Because of the isolated position of 
these plants in the greenhouse, at this time, one feels very strongly that the 
capsules have formed as the result of natural selfing. However, no definite 
conclusion as to the method of pollination can be drawn until the plants from 
these seeds have fully matured. It is .significant in this connection that for 
several months during the winter and spring, when the plants of P. violacea 
were surrounded on all sides by other species and cultivated strains of Petunia 
not a single capsule set on them as the result either of natural crossing or of 
selfing. It has occurred to us that the apparent self-sterility of P. violacea 
may be a matter of climate. The capsules under consideration came after 
several weeks of hot dry whether, quite unlike the climate of Kew, England, 
or the climatic conditions in our greenhouses during the winter and spring of 
the present year.^- 

^ Knuth (i(S99, p. 135) sa3^s: '' Peiunia violacea ist nach Darwin selbststeril.’^ 
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A critical study during the summer of 1930 of the petunias in the her- 
barium at Kew only served to strengthen our conviction that we have among 
our cultures the three species named above. Among other interesting sheets 
observed were several of Tweedie^s plants of P. violacea and P. nyctaginiflora 
as preserved in Hooker^s herbarium. In addition to this, the type locality for 
the three species which we are growing is the region of the Rio de la Plata. 
The seeds which gave rise to our populations 7 and 14 were collected in 
Buenos Aires, or south of the river; and the seeds giving rise to the Kew 
plants, from which our population 9 was derived, were from Uruguay or north 
of the river. 

In 1803 A. L. Jussieu founded the genus Petunia upon plants collected 
from the mouth of the Plata River and preserved in the Commerson Her- 
barium. These plants he named Petunia nyctaginiflora and P. parviflora. 
One of the species, P, nyctaginiflora, had already been described under the 
name of Nico liana axillaris by Lamarck in 1793. Laniarck^s type was also 
collected by Commerson but from Montevideo, on the north bank of the Plata 
River. No reference to Lamarck’s name for this species was made by Jussieu 
and this earlier description was doubtless unknown to him. It was not until 
1888 that the earliest trivial name, axillaris, was associated with the generic 
name Petunia, At this time Britton, Sterns, and Poggenburg listed Petunia 
axillaris (Lam.) in their Preliminary Catalogue of Anthophyta and Pterido- 
phyta. In his study of the Petunias of South America as preserved in various 
European herbaria, Fries (1911) had the opportunity of seeing a sheet col- 
lected by Commerson at Montevideo. As a result of this study he accepts 
Britton, Sterns, and Poggenburg’s decision regarding the synonymy of Pe- 
tunia nyctaginiflora Juss. and Nicotiana axillaris Lam. 

The following description of our P 14, Petunia axillaris (Lam.) B.S.P., 
is based on plants growing in the open and in full sunshine during the month 
of August. However, the description would vary scarcely at all if based on 
plants growing in large pots in a well lighted and ventilated greenhouse in 
Februaiy. Plants grown from seeds or from cuttings have one erect central 
stem which later becomes declined with an assurgent tip. This central stem 
is surrounded at the base by a rosette of decumbent branches. From the de- 
clining central stem as well as from the rosette of lateral branches erect stems 
are sent up which may reach a height of from two to three feet, giving the 
whole plant a bushy ” appearance. The herbage and flowers are markedly 
viscid-pubescent, the plants being clammy to the touch. In young seedlings 
and in older plants, especially when not growing under the best conditions, 
there is often a violet-purple pigment in the stem particularly in the region of 
the nodes. Leaves from the base of the stem to the first flower on any shoot 
have an alternate arrangement. The first flower terminates the monopodially 
developed stem and from this point on a given stem is continued sympodially. 
Following the first flower the shoot is made up of a series of two-leaved 
branches each being terminated by a flower. The internode of the short 
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branch is so reduced that the leaves appear to be opposite (PL XXXIII, fig. 
i). Both Lamarck and Jussieu speak of the flowers as axillary. In his de- 
scription of Nicotiana axillaris Lamarck wrote pedunculis axillarihus and 
Jussieu used the expression ''flares solitarii, axillaresf' But Jussieu’s illus- 
tration shows the sympodial stem, evidently incorrectly interpreted by him. 
The trivial name of this species, axillaris, is therefore a misnomer. The cor- 
rect method of branching was described in detail and illustrated diagram- 
matically by Fries in 1911. 

The leaves vary greatly in shape and size. Under favorable conditions 
the lower leaves may attain a length of 12 cm. or more. They vary from 
ovate to ovate-lanceolate with long, margined petioles (PI. XXXIII, fig. 2). 
As they ascend the stem they become progressively reduced in size to smaller 
(about 3 cm. long) short-petioled leaves tapering to the base and to an acute 
apex. They are essentially the same as the leaves on the axillary branch e 
shown near the base of figure i. When the plants are young the leaves of the 
floral branches may be 3 cm. or more in length but as the plant ages, or con- 
ditions become less favorable for growth, they are gradually reduced in size 
often attaining scarcely more than i cm. in length. These reduced leaves are 
subsessile and range from ovate to broadly ovate with acute apex. 

The white flowers are large, viscid-pubescent on the outside, and are set 
obliquely in relation to the stem. The flower is distinguished from all other 
Petunias which we have seen by its long cylindrical tube which widens scarcely 
at all before reaching the throat. The calyx is deeply parted with the largest 
of its unequal lobes two or more times the length of its tube. The segments 
are never broad and range from lanceolate to linear with an acute apex. 
In general there are two long segments and three short ones ; the longer seg- 
ments vary from ii to 15 mm. and the shorter ones from 9 to 12 mm. in 
length. The calyx-tube is around 6 mm. in length. The corolla is subsalver- 
form with the limb only slightly zygomorphic. As an average of several 
measurements of flowers taken at random, but of the same age, the greatest 
diameter of the limb is 49 mm., the length of tube and throat 58 to 60 mm. 
The throat is very short, being not more than 1/6 the combined length of tube 
and throat (PI. XXXIII, figs, ir, 3). The white limb is sometimes very 
faintly tinted with pale hortense violet along the midveins especially near their 
outer ends. The background color of the throat is pale turtle green; this is 
marked with a reticulum of dark perilla purple,^ This special marking of 
the throat is strongest on the posterior petal and fades out entirely on reaching 
the midveins of the two anterior petals (PI. XXXIII, fig. 3). The first two 
cm. of the tube, viewed from without, are naphthalene violet but as the tube 
gradually increases in size the veins, along which the pigment is distributed, 
are separated by a greater distance and the color is therefore lighter. The 

2 All colors ascribed to flower or floral parts are based on Ridgway’s Color Standards 
and Color Nomenclature. The matching is always done, in a darkened room, with a 
special daylight lamp. 
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Violet pigment is markedly continued on the under side of the limb throm^h 

e of the secondary veins, often giving the exterior of the limb a sue-o-estion 
o very pale hortense violet. The filaments are erect and the stamens are very 
slightly If at all didynamous. The height of the anthers varies somewhat but 
general four of the five stamens have their anthers nearly at the same level 

ote Si" ri Th" fil' "T', I"',®'"' ““ 

otners (h^s. 3, 4). The filaments of the four longer stamens are adnate to 
the corolla to a point just above the middle of the tube. The shortest stamen 
stands between the two anterior petals and has its filament joined to the tube 
for a varying distance above the others, rarely not becoming free until hist 
Wow Its anther The innate attachment occurs at a point just 
middle of the anther. The anthers and pollen are pinard yellow. The pollen 
grains are bilateral and very uniform in shape and size. The most chnrac 
.„s,.c i, 5,,. o, the SCK. iai„, measured ' „o “ ih 

of 5 plants) the range was from 47.8 to 64.8 While both the upper and the 
lower limit occurred but once, with scattering numbers at the points bSeen 
122 grains were 5411 long. In full grown flowers the pistil is from 60 To 6 e 
mm. long with the green ovary only about 6 mm, in length; the lon^ filiform 
s y e IS slightly bent about 3 mm. above its point of attachment (PI. XXXIII 
fig. 5 ). The placentation is axile with the two placentae very broad The 
stigma stands in the upper half of the throat; it is discoid and has a 'hike 
projection on either side formed by the recmving of the carpels at th^e 

hn„?^ self-fertile and fruits abundantly both in the -reen 

larTe clpsuli TheT W '^e flowers'form 

ar e capsules. The fruit is asymmetrical and bivalvular; the posterior valve 

the ope7b\TofT Wrd°" Tl- P^^ially dehisced, 

more seed 7 As the ; -i 5 ^oo to 1000 or 

considerfbly, mi^tt 

color the persistent calyxibes br^eXedtp ^ fiT 7 IT 

forms an irre.,ul T ^ persistent and in drying 

sloughJd off and the7wTe7u!% beT^^^^^ Zet les!^TdTfigt)” 7 ^ 

aretaetXmtttiXf'th" “'"'p" 

Which ProflLor Parn r S the plants from 

I CO ected the seeds had not been contaminated as a 
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result of natural consorting with other species is evidenced not only by their 
behavior in successive generations but also by the character of their pollen 
grains. 

Miers (1846) gave the name Petunia propinqua to a South American 
white-flowered petunia which he suggested might be only a variety of Petunia 
nyctaginiflora. He describes it as differing from the latter species in being 
somewhat prostrate and less pubescent; the leaves narrower; the floral leaves 
petioled and the 'calyx-segments nonfoliaceous. The corolla is described as 
having five purple lines. Sendtner (1846) considered Miers’s species a va- 
riety of P. nyctaginiflora Juss. and Fries (1911) included it under P. axillaris 
(Lam.) B.S.P. In addition to the descriptions of white-flowered petunias 
by Miers, Sendtner, and Fries, which were based on herbarium specimens, is 
the description of Sims (1825) under the name Petunia nyctaginiflora, of a 
short-tubed, white-flowered form growing in the Chelsea botanical garden. 
He not only states that the corolla is marked with green veins and that the 
stigma is two-lobed but clearly shows these characteristics, together with the 
short tube, in his illustration. Because of the close similarity of Sims’ plant 
to a strain which we are growing, described below, it does not seem to be 
a short-tubed form of P. axillaris, but rather a hybrid into which that species 
had entered. 

In 1919 we secured seeds of a “ single bedding petunia— white ” of R. and 
J. Farquhar Co., Boston. This has been inbred for ten generations and the 
individuals of the last generation are strong, vigorous plants in no way dif- 
ferent from the original stock. They have bred true for habit, foliage and 
floral parts. This strain is knowm in our cultures as population six (P 6). 
The general habit of the plant is similar to P. axillaris and it has been spoken 
of by some who have seen it growing as “ a short-tubed form ” of that species. 
But there are marked and constant differences. There is never any purple 
or violet in its stem or in the limb of its corolla. The calyx-lobes are slightly 
shorter and more uniform in size for a given flower ; there is a more evident 
enlargement of the coroll a- tulie at the point where the filaments become free 
and the combined tube and throat is always i to 2 cm. shorter, and the limb 
somewhat broader than in the species. The corolla is always a beautiful clear 
white with a faint touch of green along the midveins and the naphthalene 
violet associated with the veins on the exterior of the flower in P. axillaris is 
constantly replaced by javel green. The colors of throat, anthers and pollen 
very closely resemble those of P. axillaris except that there is slightly more 
green and less purple in the throat. Four stamens are distinctly didynamous 
with the anther of the fifth standing just below the lower pair of anthers; the 
filaments are erect but are distinctly, though slightly, arched inward at the 
point where they become free from the corolla-tube ; as a rule all 5 stamens 
are adnate to the tube for practically the same height, but the shortest one may 
be adnate for 2 or more mm. higher than the others and one stamen, not al- 
ways the shortest, may be adnate throughout the entire length of its filament. 

26 
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The pollen grains are pinard yellow. They are shorter and there is a larger 
number, not excessive, of abortive or irregular grains. In length they con- 
form more neaidy to the grains of P. violacea than to those of P. axillaris but 
they have a greater range than either species and practically the same number 
of grains fall at several points between the extremes. There is thus, within 
certain limits, no one length more characteristic than another. The turtle 
green stigma is like that of P 14 except that it is slightly larger and much more 
distinctly bilobed ; it overtops the anthers and as the result of a slight curve 
in the upper part of the style it faces somewhat towards the posterior lobe of 
the corolla. It does not fruit abundantly; less than 10 percent of the flowers, 
when growing in the open, set seed but a larger proportion of artificial selfings 
are successful. The capsules are rarely large; the two valves are equal in 
size and the apex is slightly if at all recurved. The largest number of seeds 
counted from a single capsule is 461, but ordinarily the number is less. There 
is not as marked an increase in size of the calyx-lobes and in length of the 
peduncle during the maturation of the fruit as in the natural species. Very 
rarely one finds a flower with 6 corolla-lobes or one with a petaloid stamen. 

The differences between P 14 and P 6 as listed above are so many and 
so clean-cut as to make it clear to us that our cultivated white petunia is not 
‘‘ a short-tube form of P. axillaris but a hybrid which has become homo- 
•zygous for many of its characteristics. This conviction is further strength- 
ened by the fact that in hybrids of these two strains we never get a series of 
intergrades. We have growing in the field this summer (1931) 980 hybrids 
of P 6XP 14 and P 14 X P 6. Vegetative! y they have the same habit as 
the parents but are even more vigorous than either. The leaves are larger 
and more ovate. The flowers are intermediate in practically all details. 
There is some violet pigment associated with the veins on the outside of the 
coi'olla-tube and with the midveins of the limb at the time of anthesis, but 
when the flower is fully opened only the green of P 6 remains. From about 
20 to 80 percent of the flowers, depending on the pollen parent, set fruit with 
viable seeds, the capsules often being as large as those of P. axillaris, but with 
the two valves more nearly equal and the beak less arched. It is very 
interesting to note that the plants, which result when P. axillaris is the pollen 
parent, are much more fertile, the capsules larger and the seeds more nu- 
merous than when P 6 is the pollen parent. This is doubtless attributable in 
some measure at least to the variations in the character of the pollen grains of 
the two populations as already described. In this connection we would call 
attention to the rather unique sterility of P. axillaris as outlined in an earlier 
paper (Brooks, Walsh, and Ferguson, 1930). Briefly, its pollen is very active 
on its own stigma and on that of its sibs ; but as a rule no seeds are formed 
when its pollen is applied to the stigma of the other strains of Petunia which 
we are culturing. In the paper referred to, one exception, in which a few 
seeds were occasionally formed, was noted. That capsules should develop 
containing several hundred seeds when its pollen grains are placed upon the 
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Stigma of P 6 suggests, at least, that the relationship between this pure-breed- 
ing, cultivated white and the wild species, as regards certain significant factors, 
is still very close. 

There is no doubt in our minds but that this strain is of hybrid origin, 
but for twelve years it has been so consistent in behavior both when selfed 
and when mated with other strains or species that we believe it has attained 
the dignity of a horticultural species and assign to it the name Pehmia alba 
Hort. 

No question is likely to occur regarding the identity of our population 
seven (P 7 ) — Petunia parviflora Juss. The plants are prostrate and creeping 
forming mats from two to four feet in diameter. It is an excellent example 
of a carpet-plant.’' The stems hug the ground closely frequently taking root 
at the nodes (PL XXXIV, fig. ii). At no point does it rise more than an 
inch above the ground. The short-petioled, slightly succulent leaves range 
from linear to linear-spatulate with both surfaces and the margin set with 
minute capitate hairs. The viscid nature of the herbage is scarcely noticeable 
to the touch. The mature leaves vary from i to 2.5 cm. in length. As in 
P . axillaris the stem becomes sympodial at the point where a flower occurs. 
But in this species, the flowering and the purely vegetative parts of the plant 
are not distinctly separated. That is, a short monopodial stem with one or 
more alternate leaves may be inserted between flower-bearing portions of the 
stem. The leaves associated with the flowers are similar in shape to those on 
the vegetative portions of the stem. This is in marked contrast to P. axillaris 
where the floral leaves are always distinctive and the sympodial stem, once 
established, continues until the growth of that particular shoot ceases. 

The flowers are very small in comparison with those of the other two 
species under consideration and are short-lived. In the vicinity of Wellesley 
they open about eleven o’clock in the morning, begin to close about three in 
the afternoon and do not open again. In young plants the calyx-lobes ordi- 
nal ily exceed the corolla in length but in flowers of the same plants, at a some- 
what later date, they rarely reach the upper limit of the throat. Both con- 
ditions may occur on mature plants at the same time, but as the plants age only 
flowers with the shorter calyx are as a rule formed (PI. XXXIV, figs. 12, 
13). The calyx-tube is scarcely more than i mm. in length and its lobes are 
very like the leaves. The corolla consists of a short cylindrical tube, a longer, 
ventricose, funnel-form thi'oat and a small subrotate limb. The limb is very 
slightly zygomorphic. A transverse fold, opening outward, occurs near the 
base of the limb of the two anterior petals (figs. 12a, 13a, 14). On vigorous 
young plants the length of the tube and throat varies from 6 to 7 mm., the tube 
being less than 1/3 of the combined length of the two. The limb, at the 
moment of greatest expansion, is from 5 to 7 mm. in diameter. It is a light 
mallow purple ; this shades into the yellow throat and the yellow becomes 
lighter as it passes into the tube. 

Four stamens are didynanious. Their filaments and the style all curve 
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posterior petal 

^ • Sj )-^ The fifth stamen is anterior and much shorter The ffh 
ments of the didynamous stamens are adnate to the tube for about i mm and' 
the filament of the anterior one for about 2 mm. The anther attachmpnf * 
mnate. The color of the anthers is pinard yellow, of the pollen empire yellow^ 
e po en giains are bilateral and range in length from 38.24 to 30 60 u with 

reached the highest limit, i the lowest limit and 127 were 26 «. in Ipnn-tu 

sH™?""' “'“1 '■’I, ‘“ 5 ''’ -P- f hi 

b a IS narrowly elliptical and slightly recurved at both ends (figs. 17--P0') 
e f-polhnation takes place slightly before or at the time of anthesis and”the 

LTltoir'* f the fruiting period, the peduncle elongates 
4 1 ttle and ordinarily maintains an acute angle with the stem but occa 
sionally it may become recurved (fig. u a, b). The fruit does not therefore 
tave a uniform position at maturity as in P. axillaris and P. violacea. The 

Ti ° ^ symmetrical, the two valves being equal 

The dehiscence contrary to that of the other species is septifragal. The cafe 
emains green and leaflike until the yellowish brown Lpsufe has dehM 

smfil ^ seeds which are 

laflei Aan but otherwise similar to the seeds of P. axillaris (fig. 22). 

Uf the three species being considered Petunia violacea Lindl offers bv far 

the most d*e„lt problem as regards identity. The three binomfr sjl' 

Lindr Phoenicia D. Don, and Petunia violacL 

feanisr considered by many 

botanists as representing the same species. Petunia violacea is the combina^ 

Pen that has been in general use in taxonomic, horticultural and geneS 

literature. An examination of much of this literature with the illuftrations 

makes It clearly evident that the forms to which the name P. violacea has been 

pphed present a distinctly heterogeneous assemblage. The early descrintions 

IS or not the earliest trivial name applied to this species. Small wonder 
hat more recent students have added to the confusion 

suit If have arisen as a re- 

thP f ^ Tf between a white-flowered and a purple-flowered species of 
the Sooth Amencdo g.„„s p, 

a^lkmTlrL T Moot™ 

A • Jussieu s Petunia nyctaginiflora were collected in South 
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It IS possible that the seeds came from South America, but there appears to 
be a strong probability that the plants described for this species represent 
natural hybrids between P. axUlaris and the South American colored ancestor 
of the garden petunias. The reasons on which this assumption is based are 
given later. It must be determined if possible whether or not Lindley’s plant 
represents the colored parent and if not what is the entity that does If 
Lmdley s is the species was he correct in his citation of synonyms? 

The following^description of Petunia violacea Lindl. is based on plants 
grown from our Emy cuttings and on young seedlings derived from them by 
artificial selfings. The mam stem may remain erect until 8 or 9 inches hieh 
and is early surrounded at the base by several lateral branches. All the stems 
are sender and weak and very soon become reclining with assurgent tips. 
The branches interweave closely covering the ground and produce an abun- 
dance of brightly colored flowers. The herbage is viscid-pubescent but only 
sigitly clammy to the touch. A stem is monopodial until terminated by a 
flower ; ^_° °wmg the first flower an axis is continued sympodially as described 
or . aA.t :aus ( 1. XXXIV, fig. 23). The leaves below the flowering part 
are elliptical-ovate or elliptical-lanceolate and have a longer or shorter 
margined petiole. The largest leaf observed was on a seedling plant and had 
a length of 9.4 cm. with a width of 3.4 cm. Commonly the proportions are 
about 3 to 4 cm. long by 1.5 cm. wide. The leaves following the first flower 
are m general of the same shape and size as are those below the flowering 
portion ; but as the season advances they are gradually reduced in size and the 
flower-bearing portions may come to resemble an inflorescence, the leaves be- 
coming almost bractlike (fig. 24). 

, , to f '•'“S “ from 

3-- to 3.6 cm. long, and has a very characteristic shape (figs. 23 and 2O The 

calyx-tube is about 2 mm. long and its five unequal segments are strap-shaped 

a given flower they vary by 4 to 6 mm. in length, with the largest segment 

ra^ly more than 21 mm. long. The brightly colored campanulate corolla is 

stmctly zypmorphic with the posterior petal bent back almost to a right 

angle with the throat. The broad, ventricose, funnel-formed throat is about 

i ® 5 mm. in length 

th a deeper pimple along the midveins ; the throat has a background-color of 
ph ox purple. The veins of the throat are Rood’s violet but this color grad- 
ually fades out as the middle of the anterior petals is approached. The five 

the”Intb its length; four are didynamous; 

the anthers of the longer pair meet above the stigma while those of t4 shorter 

Sorter'' Tr anterior stamen is 

hortest and lies between the two members of the longer pair. By a curve 

.6 filaments the anthers face the posterior pLl (figs. 

fter dehiscence the two lobes of an anther become divaricate at 
he base forming a F-shaped body (fig. 26) ; they are pale Russian blue, the 
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pollen cadet gray. The pollen grains are midway in size between those of 
the two species described earlier. They range from 38.70 to 49.50 /i-; there 
was only i at the lower limit, 4 at the upper, with the largest number (iii) 
of the 500 measured 45 ju. long, or just 9 shorter than the most characteristic 
length for P. axiUaris and 9 ft, longer than that for P. parviflora. The style 
is slightly angled in its upper portion and a short distance below the stigma 
it is bent to an angle of about 45 degrees thus causing the stigma to face the 
posterior petal. The color of this portion of the style is perilla purple. The 
stigma is four angled, and naphthalene violet in color. The disc at the base 
of the ovary is more prominent than in the other two s^Decies (figs. 28-31). 

Although two stamens have their anthers directly above the stigma and 
therefore offer a most favorable condition for self-pollination, the plants are 
markedly self-sterile, setting fruit only occasionally. As the fruit develops, 
the calyx segments continue to grow and come to stand more or less at right 
angles to the enlarging capsule (PI. XXXIV, fig. 32) ; the peduncle turns back 
towards the stem and is strongly refiexed before the fruit is mature (figs. 
23a, 24/?^ r). The broadly conical, symmetrical capsule is bivalvular and 
dehisces septicidally. The seeds are comparatively few, 88 being the largest 
number yet counted in a given capsule; they are of the same general type as 
described for the other two species (fig. 33). 

We find no reason to doubt that our plants as described above, are repre- 
sentatives of the same species as are the Tweedie plants of Petunia violacea 
which are preserved in the herbarium of the Royal Botanic Gardens at Kew. 

In 1831 W. J. Hooker published a description and colored illustrations of 
Salpiglossis integrifolia. He wudtes : This new and most distinct species of 
Salpigl ossis wsis raised from seeds sent in the autumn of 1830, by Mr. Tweedie 
of Buenos Aires, to the Glasgow Botanic Garden, where the young plants, 
placed in a warm exposure in the open air produced their richly coloured 
blossoms in July of the following year (1831).'’ 

In Sweet’s British Flower Garden for June 1833 there appeared a de- 
scription and colored plate, taken from the manuscript of D. Don, of Nierem- 
bergia Phoenicia. After describing his plant, Don says : It is a native of the 
countries of the Rio de la Plata, but is found to succeed uncommonly well in 
the open border of this country.” He cites Hooker’s Salpiglossis integrifolia 
as a synonym of his Nierembergia Phoenicia. 

A few months later, November 1833, Lindley published in the Botanical 
Register a description and colored plate of a plant which he named Petunia 
violacea. He gives as synonyms Petunia violacea. Brit. fl. gard. n.s. 193 ; ® 
Salpiglossis integrifolia. Flooker in Bot. Mag. t. 3113; Nierembergia phoe^ 
nicia. Brit, fl. gard. n.s. 193. Lindley does not indicate the source of his 
material but states that the plants are native of Buenos Aires and speaks 
of their utility for the garden. 

s No reference to Peftima violacea occurs under 193 of Sweet’s British Flowei 
Garden. The name used here is Nierembergia Phoenicia. 
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A consideration of the texts and illustrations of these three authors leaves 
one very uncertain as to whether or not they were studying individuals of the 
same species. The vegetative portions shown in Hooker's plate are very like 
those of Petunia violacea as we have come to know it ; but the flowers as illus- 
trated are not those of the species under consideration. They have a dis- 
tinctly rotate limb and the throat is much lighter than the limb. This is dis- 
turbing for Hooker makes the statement: “the tube dark bluish purple." 
Neither the stigma nor the stamens as figured and described correspond to 
those of violacea. We did not find Hooker's type plant among the species 
of Petunia preserved at Kew. 

Of the three early descriptions Don's is by far the most explicit. But 
many floral characteristics which he lists are not true for our P. violacea. He 
shows only one leaf on the stem near the origin of each of the first two flowers 
and says : “ Flow^ers oftentimes seated opposite the leaves." The leaves are 
much too broad and too nearly sessile for the species. He writes : “ It is 
readily increased both by seeds and cuttings; but young plants raised by the 
former mode are to be preferred, the blossoms in them being in general much 
larger, as in our specimen, which was derived from a seedling plant, com- 
municated by Mr. Neill to Mr. Lambert, and which flowered at Boyton last 
month." From this and other statements in his text one must conclude that 
Don's type was grown in a nursery and the indirect evidence points to its 
hybrid nature. 

Lindley’s description is very brief and not diagnostic. While his illus- 
trations more nearly resemble our plants of P. violacea than do those of 
Hooker or of Don, he does not show the characteristic flower shape and the 
leaves are very broad in proportion to their length. Both his flowers and 
leaves are more suggestive of the Fi hybrids, in our cultures, than of the 
species. It also seems probable from his text that he was describing a natural 
seedling from the garden. He writes : “ There is perhaps no plant yet in our 
Gardens which is quite so handsome as this." . . . “ Planted singly against a 
wall or fence in the open ground, it is also a striking ornament ; but it is only 
when collected into a large bed in the open air, and allowed to entangle and 
interlace its branches, till every piece of soil is concealed, that its whole 
splendour is developed. It then produces, from August to October, a suc- 
cession of its purple blossoms, which are yielded in such profusion, and of so 
bright a colour, as to render the spot where it grows almost too bright to look 
upon." . . . “ But from Petunia, of which the now common Petunia nyc- 
taginiflora may be taken as the type, the plant differs in nothing whatever 
except the inflated tube of its corolla and the size of its embryo." As sug- 
gested by Bailey (1898) this comparison could not possibly have been made 
if he were describing the species Petuma violacea. Moreover this makes it 
clear that P. axillaris was commonly grown in the same gardens with P. 
violacea. As a result of this association natural hybrids were doubtless freely 
formed. There is abundant evidence of such crossing in the literature. 
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The flowers of Hooker’s illustration together with his description fail to 
convince one of the exact identity of his plant. The flowers do not resemble 
those of P. violacea or of any Petunia known to us. But assuming they are 
PeUtnia the likeness is not sufficiently clear to warrant a change of combina- 
tion. If both Don’s and Lindley’s plants were hybrids, as seems probable, 
there is no point in changing from Lindley’s name to Don’s on the score of 
priority. But however strong one may believe the indirect evidence to be, 
there is now no way of proving that Lindley’s plants were not the direct 
descendants of seeds secured from South America. We, therefore, advocate 
keeping the well known name — Petunia violacea Lindl. 

In so far as we know the first description of the species under considera- 
tion, based on a study of plants which actually grew in South America, is 
that of Sendtner (1846). His description was based on material collected 
by Sellow in southern Brazil. He accepts the binomial P. violacea Lindl. 

Fries (1911) also retains Lindley’s name for the species. It is not clear 
to him to what species Hooker’s plant belongs. He finds nothing like it in 
the material which he has seen. He, therefoi'e, does not change the com- 
bination to Petunia integrifolia. He had no opportunity to consult the de- 
scription by Don as published in Sweet’s British Flower Garden and hence 
does not feel justified in discarding Lindley’s combination on the basis of 
priority. Fries’ descriptions and illustrations are based on herbarium ma- 
terial. The very closely allied species, P. inflata R. E. Fries and P. occi- 
dentalis R. E. Fries, may be separated from P. violacea Lindl. according to 
Fries, on the basis of the position of the fruit, which is recurved in the last 
named species and erect in the other two. 

In connection with the early descriptions of Salpiglossis integrifolia, 
Nierembergia Phoenicia and Petunia violacea, with their flowers much smaller 
than those of the ordinary garden petunias, it is interesting to consider a small- 
flowered plant which occurred as the result of self-sowing in our genetics field 
in 1929, two years before P. violacea was growing in this region or in fact in 
this country. In this field plants of P. axillaris, several strains of garden 
petunias, and various hybrid petunias were growing. The new form has been 
preserved to the present time by means of cuttings. It is known in our cul- 
tures as population ten (P 10). This summer (1931) capsules were ob- 
served on the plants for the first time. The aspect of the plant is in general 
much like that of P. violacea. The most evident differences are that the stems 
are somewhat more erect, the leaves slightly wider and more ovate. The 
peduncle is longer varying from 3 to 7 cm. in length and does not recurve as 
the fruit matures. 

The diameter of the throat is somewhat less, otherwise the flowers are 
almost identical in shape and size with those of P, violacea. The color of the 
corolla is deeper being redder and brighter than rhodamine purple. The 
background of the throat in young flowers is light phlox purple with the 
veining on the posterior side prune purple; in older flowers the throat is 
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lighter 111 color than the limb, the background becoming phlox pink. The 
color of the style from the point of bending to the stigma is Hght perilla 
purple Ihe stigma IS purplish lilac in color and in shape is unlfe tL of 
any other which we have seen; it approaches an ellipse in form and 

has a papillose border or rim (PI. XXXIV, figs. 34-37). Even with the 
differences noted this plant might easily be taken for P. violacea unless one 
were very familiar with the species. When petunias escape from cultivation 
there is evidently a tendency to revert to forms resembling the colored- 
flowered ancestor of the cultivated strains. It is very probable that such 
segiegates have frequently been described as P. ziolacea. 

The plant of “Petunia violacea" described in Paxton’s Magazine of 
Botany (1834) is unquestionably a hybrid between P. violacea and P. axillaris. 
Ihe hmb of the corolla is too large, the purple too dark and the leaves more 
ovate than for P. violacea. Paxton does not give the origin of the plant he 
figures but speaks of beds planted with P. violacea “at Chatsworth last sum- 
mer. Mrs. Loudon (1840) uses the binomial Petunia violacea but to her 
gure 2 of the accompanying colored plate she gives the name Petunia Phoe- 
nicia. 1 he color 0 the corolla is not unlike that of P. violacea but the leaves, 
shape of flower and color of anthers are not true for the species. She says : 

As It was found to propagate readily both by cuttings and by seeds, it soon 
spiead over England,^ and became a general favourite.” . . . “There are 

many hybrids and varieties of this species, as it is found to hybridize freely 
with the white Petunia.” >.1 c ucciy 

recognized hybrids of these two species, of varying forms 
d often of great size and beauty, were described and illustrated by various 
authors m different countries. ^ 

Summary 

I. A species is considered uncontaminated when for three consecutive 
^- Petuinaparvi flora Jnss.iindP. a.rillaris (P nvctaaini 

flora Juss. ) are the species on which the genus Petunia was based. ’ 

3. Petmm axillaris and P. violacea Lindl. are the ancestors of the o^reater 
part, if not all, of the cultivated forms of Petunia. " 

abot a?e'acQT’' °* 

given. description of the three species, with full illustrations, is 

fln Hort. has been given to a short-tubed, white- 

flowered strain of the cultivated Petunia which has bred true for twelve years 

in pJtilS. to be of diagnostic value 

verv has entered, even at a 

y mote period, may easily be mistaken for the species unless very care- 
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.ully observed. This fact accounts for much of the confusion found in the 
iterature relative to Petunia. 

^ We beg to add that we will most gladly send seeds of P. axillaris (Lam.) 
>.S.P., of P. parviflora Juss. and of P . alba Hort. to anyone desiring them 
hould we be fortunate enough to secure, in our cultures, freely fertile plants 
f P.violacea Lindl., the seeds of this species would be included. 

Department of Botany, 

Wellesley College, 

Wellesley, Massachusetts 
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EXPLANATION OF PLATES 

All drawings were made from living material grown in the open. The originals have 
been reduced slightly more than was intended when the magnifications were computed, so 
that the latter are about 5 percent too high. The figures, as shown, are natural size 
unless otherwise indicated. 

Plate XXXIII 

Petunia axillaris (Lam.) B.S.P, 

Fig, I. A branch showing (a) young fruit, (h) wilting flower, (r) open flower, (d) 
flower bud, {e) young axillary branch, and leaves associated with the flowers. 

Fig. 2. A basal leaf. 

F IG. 3. Open corolla showing stamens and the characteristic markings of the throat. 
Fig. 4 The relation of anthers to stigma. X 2. 

Fig. 5. The pistil. 

Figs. 6 and 7. Front and top views of the stigma. X 8. 

Fig. 8. Fruit just at the moment of dehiscence showing the greatly enlarged calyx- 
lobes. 

Fig, 9. Mature fruit with the calyx-lobes dried and strongly reflexed. 

Fig. 10. Seed. X 8. 

Plate XXXIV 

Figs. 11-22. Petunia parvi flora Juss. 

Fig. II. A bit of young plant showing vegetative parts, flower, and fruit. 

Figs, 12 and 13. A flower from a young plant and one from an older plant showing 
differences in length of calyx-lobes ; a indicates position of “ fold ” in limb. 

Fig. 14. Face view of flower showing “lip’' on anterior side caused by “fold” in 
limb at the line of its junction with the throat. X 2. 

Fig. is. Open corolla showing height of stamens. X 2. 

Fig. 16. The relation of anthers to stigma. X 2. 

Fig. 17. The pistil. 

Figs. 18 and 19. Back and top views of stigma. X 8. 

Fig. 20. Upper portion of style with side view of stigma. X 8. 

Figs. 21 and 22. Mature fruit at time of dehiscence. Seed. X 8. 

Figs. 23-33. Petunia violacea Lindl. 

Fig. 23. Branch of plant; a, young fruit showing characteristic recurving of the 
peduncle. The flower was just beginning to wilt as indicated by the fold in the corolla. 

Fig. 24. A bit of the flowering portion of an old plant with vegetative parts so 
reduced as to suggest an inflorescence ; b and reflexed fruits. 

Fig. 25. Side view of corolla showing short tube and ventricose throat; a posterior, 
b anterior side of flower. 

^ Fig. 26. Open corolla showing attachment of stamens, sagittate anthers and colored 
veimng of the throat. 
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Fig. 27. The relation of anthers to stigma. X 2. 

Fig. 28. The pistil. Dotted line a indicates the height at which the cut was made 
for Fig. 27. 

Figs. 29 and 30, Front and top view of stigma. X 8. 

Fig. 31. Upper portion of style with side view of stigma. X 8. 

Figs. 32 and 33. Mature fruit at time of dehiscence. Seed. X 8. 

Figs. 34-37j Population 10. A chance seedling 
Fig. 34. The pistil. 

Figs. 35 and 36. Top and front view of stigma. X 8. 

Fig. 37. Upper portion of style with side view of stigma. X 8. 
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THE LOWER CALIFORNIA BUCKEYE, AESCULUS PARRYI 

A. GRAY 

Ira L. Wiggins 

(Received for publication November 21, 1931) 

At intervals it has been my privilege to observe this Lower California 
plant over the greater part of its known range. It first came to my attention 
in September, 1929, when it was collected in mature fruit thirty miles north 
of Ensenada and noted on the hills as far east as San Rafael Valley. In 
February and March of the following year it was studied over the length of 
its north and south range while the flowers were still in the bud. It was 
again seen in mature fruit in September, 1930, and in full flower in April and 
May, 1931. As an endemic of^the northern part of Lower California its ex- 
act range was of more than usual interest, and certain peculiarities of the 
flower lead me to study it critically on each of four visits to its range. It is 
due largely to these field observations, made possible by the generosity of 
Mr. H. C. Dudley, of Duluth, Minnesota, and Mr. E. G. Dudley, of Exeter, 
California, that the following information concerning characters previously 
overlooked can be given and slight extensions of the range as reported by 
earlier collectors can be added. Their interest in the botanical exploration 
of Lower California and their generous aid is very greatly appreciated. 

History of the Species 

Aesculus Parryi was discovered on the low hills near Todos Santos Bay, 
on the shores of which the town of Ensenada is situated, in April, 1882, by 
C. C. Parry, C. G. Pringle, and Marcus E. Jones. Specimens were sent to 
Asa Gray who described it and designated A. calif ornica (Spach) Nutt, as 
its nearest relative. Gray’s description reads as follows: ^ 

'‘Aesculus Parryi, Ae. Calif ornicae affinis, frutex humilis; foliis 3-5-folio- 
latis; foliolis obovatis obtusis subcoriaceis brevissime petiolulatis subtus 
cano-tomentosis ; floribus brevi-pedicellatis ; calyce campanulato ad medium 
usque aequaliter 5-fido petalisque extus tomentosis; filamentis validioribus 
minus exsertis. — Northern part of Lower California, April, 1882, Parry, 
Jones, diXid Pringle P 

This description clearly separates the Lower Californian Aesculus from 
A. calif ornica, but it does not take into account several important characters 
mentioned in the amplified description below. 

The next mention of A. Parryi was made in 1889 by T. S. Brandegee ^ 
who reported its occurance at Rosario, a village 170 miles south of Todos 

^ Proc. Amer. Acad. 17: 200. 1882. 

2 Proc. Calif. Acad. II, 2: 143. 1889, 
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Santos Bay. He did not describe the plant, but merely noted its occurance 
at that point. 

The following year C. S. Sargent ^ published a semipopular description 
of Parryi and accompanied his article with the only illustration published 
up to the present time. He was evidently satisfied with Gray’s interpreta- 
tion of the relationship of the species, but he did point out more clearly the 
characters which separated it from A. calif ornica, and described the fruit 
which had been unknown to Gray. The following quotation is a part of 
Sargent’s description : 

‘‘The chief differences are found in the character of the calyx, which in 
Aescuhis Calif arnica is deeply two-lobed, the lobes being very slightly 
divided, while in Aesculus Parryi the campanulate calyx has five nearly 
equal lobes. These characters are constant in all the species I have exam- 
ined, and I fail to find any intermediate form which would serve to connect 
the plant of Lower California with the California Buckeye, from which it 
differs also in its shorter inflorescence, its shorter pedicels, smaller flowers 
and fruit, and' in the dense pubescence which covers the under surface of the 
small obovate leaflets, which are sessile or nearly so. The fruit is unarmed, 
obovate, rather less than an inch long and broad, in the specimens I have 
seen, which are from one to three-seeded. The seed is a third of an inch in 
diameter.” 

It was not until 1897 that Robinson,^ basing his suspicions upon the 
5-cleft calyx, expressed a doubt as to the advisability of including A. Parryi 
in the section Calothyrsus, of which A, calif arnica is the type. He made the 
following comment in a short note following his description of A. calif arnica: 

“Ae. parryi, Gray, is a related species of N. Lower California, but on 
account of its 5-fid calyx scarcely to be referred to this section.” 

In 1916 Goldman ® reported A. Parryi from San Rafael Valley east of 
Ensenada and mentioned its zonal distribution in connection with its 
southern limit. He gave no description of the flowers or fruit but gave the 
height of the shrub as 1.2 to 2.5 meters. 

The last published account of this shrub was given in 1923 by Standley,^^ 
who included measurements of leaves, inflorescence, and calyx in his brief 
description. 

Relationship and Description 

After carefully studying this species in the field and herbarium I am 
convinced that A. Parryi exhibits too many characters not possessed by 
other species of the established sections of the genus to warrant retaining it 
in any of them. The description given below indicates the degree to which 
A. Parryi has diverged from the other stocks during the evolution of the 

A Card. & For. 3: 356. f. 47. 1890. 

^ Syn. FI. N. Amer. i: I, 448. 1897. 

® Contr. U. S. Nat. Herb. 16: 346. 1916. 

® Contr. U. S. Nat. Herb. 23: 691, 1923. 
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genus. In order that this peculiar endemic species of Lower California may 
be coordinately ranked with equally distinct species or groups of species in 
the classification of the genus, the following new section is proposed. 

Parryanae, new section. Calyx campanulate, 5-cleft, lobes subequal, 
tomentose and stipitate-glandular ; petals 4-5, stipitate-glandular on the 
margins, tomentulose on the back, bearing laciniate appendages at the sum- 
mits of the claws; fruit tuberculate-roughened, tomentose. 

Represented only by the following species : 

Aesculus Parryi A. Gray, Proc. Amer. Acad. 17: 200. 1882. Shrub or 

small tree 1-6 m. high, trunk up to 2 dm. in diam.; bark smooth, gray to 
nearly white on old trunks; winter buds not resinous; leaves on petioles 5-10 




Text Fig. i. A, sterile flower with reflexed upper petals and erect lower petals. 
B-Cj lateral and face view of upper petal with the appendages and dense pubescence at 
summit of the claws, D, lower petal; the shaded portion of the blade indicates the approxi- 
mate extent of the maroon spot at the base of the blade. A, X 2; B-D, X 4. 

cm. long, 3-7-foliolate, or occasionally i-foliolate by the reduction of the 
lateral leaflets and then resembling a long-petiolate simple leaf; leaflets 3-12 
cm. long, obovate, oblong-obovate or oblong-elliptic, obtuse or acute, sessile 
or short-stalked, entire to moderately repand, bright green above, white- 
tomentose beneath ; panicle narrow, 5-20 cm. long, fertile flowers scattered 
full length of the inflorescence; calyx campanulate, 7-8 mm. long, 5-cleft to 
the middle, the lobes obtuse, the upper slightly longer than the two lower, 
the lateral lobes | to f as long as the upper, finely and densely tomentulose, 
stipitate yellowish glands intermingled with the wool, margins stipitate- 
glandular; petals 4-5, narrowly obovate, acute or obtuse, creamy white with 
a bright maroon spot at the base of the blade, glandular-stipitate but not 
hairy on the margins, tomentulose on the backs, the claws equaling or 
slightly shorter than the calyx lobes, bearing 3-8 laciniate flap-like append- 
ages at their summits; 2 upper petals 12-14 long, strongly reflexed, the 
lower 8-1 1 mm. long, erect or slightly spreading but not reflexed ; disk devel- 
oped more strongly on the upper side of the flower than on the lower, and 
more pronounced in sterile than in fertile flowers; stamens 6-8, exserted; 
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filaments 10-16 mm. long, the tips curved upward; anthers bright orange; 
pistils of sterile flowers equaling the calyx lobes, those of fertile flowers 
equaling or slightly surpassing the stamens; functional ovaries densely 
stipitate-glandular and tomentose; fruit borne full length of the inflorescence, 
unarmed, spherical to obovate, 15-25 mm. long, tuberculate, tomentose 
and slightly glandular, light brown, 1-3-seeded, occasionally both ovules in 
a cell maturing; seeds 12-16 mm. in diameter, dark chestnut-brown to 
nearly black; hilum white or light buff, 3-4 mm. in diameter. 

The non-resinous winter buds, 5-cleft calyx and glandular-ciliate, ap- 
pendaged petals clearly separate A. Parryi from the section Calothyrsus, in 
which Rehder places A. calif ornica and A. wilsonii. The bud ^character, 
the 5-cleft calyx and the red-spotted, glandular-margined petals indicate a 
closer relationship with the Eupaviae series of the section Pavia, but the 
appendages on the petals, the shorter claws, the campanulate calyx and the 
smaller, woolly flowers remove it from that section also. It seems to me that 
its ancestry should be looked for in the forms giving rise to the Eupaviae 
group which has leaflets which are tomentose on the lower surface and gland- 
ular-ciliate petals, rather than with any other section of the genus. 

A. discolor, a member of the Eupaviae group which comes westward 
from Georgia into Texas possibly represents another divergent branch from 
the same ancestral stock, but it has produced larger flowers and fruit which 
are nearly or quite glabrous and the petal appendages are not found in A, 
discolor. 

Geographical and Zonal Distribution 

The most northerly specimens of A . Parryi so far observed are growing 
on the coastal slope near the ocean in the vicinity of La Salina Rancho 
thirty miles north of Ensenada. Scattered specimens occur on the hillsides 
between these two places, but they are not abundant until one approaches 
Ensenada. Here the hills support numerous thickets of A. Parryi, the 
bright tomentum on the lower surface of the leaflets flashing silver whenever 
a breeze stirs the foliage. From Ensenada it extends eastward to the San 
Rafael Valley in the vicinity of Ojos Negros where a few dormant specimens 
were seen in September, 1929. Goldman reported it from the same vicinity 
in 1916, having noted its presence there in 1905. 

It also occurs at a considerable distance from the coast in the vicinity of 
San Telmo and San Quintin, where it is found in the foothills of the San 
Pedro Martir, a distance of thirty miles or more from the ocean. It reaches 
its finest development, however, near the sea, becoming a tree 6 meters high 
with a trunk 2 dm. in diameter on the mesas just north of Rosario. 

The known southern limit of A. Parryi is a point about half way between 
Rosario and the ruins of the old mission at San Fernando. In this region 
it is confined to the north slopes of the hills and along the arroyos and does 
not appear on the flat tops of the mesas as it does about Rosario nor on the 
flats along the arroyos as it does at Santo Domingo and Colnett. 

^ Manual of cultivated trees and shrubs 579, 580. 1927. 
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A. Parryi m confined to the lower part of the Upper Sonoran Zone, in 
some places seeming to be a border-line plant between the two zones. Be- 
tween Mission San Vicente and San Antonio del Mar (Johnson’s Ranch) it 
grows over a great part of a broad, gently sloping inland valley where it 
associates with Opuntia prolifera, Agave spp.. Ephedra calif ornica, and Frax- 
inus dipetala trifoliata in islands surrounded by grasses and herbaceous an- 
nuals. It does not ascend into the Quercus dumosa-Arctostaphylos bicolor 
complex to any appreciable degree, associating with these and their asso- 
ciated shrubs only where stragglers intermingle along the zone of contact. 
The shrubs with which A. Parryi most frequently associates over the greater 
part of its range include the following: Euphorbia misera, Rhus lamina, Rhus 
integrifolia, Cneoridium dumosum, Fraxinus dipetala trifoliata, Prunus 
ilicifolia, Acalypha calif ornica, Toxicodendron diver sifolium, Rosa minutifolia, 
and Simmondsia calif ornica. 

Specimens Examined 

The following specimens of A. Parryi were examined in the herbarium 
during the course of the study and compared with specimens of other species 
of the genus. In addition to the notes made in the field, material was col- 
ected in alcohol and brought back for more careful dissection and study in 
the laboratory. Material from the Herbarium of the University of Cali- 
fornia was available, and specimens deposited in that herbarium and not in 
the Dudley Herbarium at Stanford University are designated by the abbre- 
viation (U. C.). Specimens not so designated are in the Dudley Herbarium. 

Specimens examined : El Rosario, Brandegee, May 20, 1889; San Quintin 
Bay, Mason 2051; Aliso, Brandegee, May 30, 1893 (U. C.); no locality, but 
probably from the vicinity of Ensenada, Parry, January, 1883 (U. C.); 
Ensenada, Johnston 301 j (U. C.) ; near La Salina Rancho, foot of Guatay 
Grade, about 4 miles south of Rio Gudalupe, Wiggins <Sf Gillespie 3Qig; 
fiats along Rio Santo Domingo, near Hamilton Ranch, 14 mi. N. of San 
Quintin, Wiggins 44gi ; Las Animas Canyon, 20 mi. S. of Ensenada, Wiggins 
& McMurphy 31 fo. 

Dudley Herbarium, 

Stanford University, 

California 


CHROMOSOME MORPHOLOGY AND MEIOTIC BEHAVIOR IN 
TYPICAL AND VARIANT FORMS OF KNIPHOFIA ALOIDES 

J. M. Webber 

(Received for publication November 27, 1931) 

Introduction 

Under cultivation species of Kniphofia are known to hybridize freely 
and produce variable seedlings. Since these seedlings are propagated and 
distributed by vegetative means, the taxonomic relations are difficult to 
trace, and hence there is considerable confusion in the literature dealing 
with the genus. Probably the most variable species of the genus is K. 
abides. According to Baker (2) there are perhaps ten to twelve botanical 
varieties and at least twice as many garden forms of this species. 

Kniphofia abides has been reported by de Vilmorin and Simonet (17); 
Belling (3), and Fernandes (10) to have six pairs of chromosomes. Fern- 
andes reports the chromosome morphology to be 2LI, 4LK and 6LK (E. 
Heitz 12). Although such a formula is rather vague, it indicates that mor- 
phological distinctions are present in the chromosome complement. It has 
frequently been demonstrated that such distinctions may be characteristic 
of a genus, species, or even an individual form. Consequently it appeared 
that cytological features would aid in establishing criteria of systematic 
value. The present study is an effort to obtain evidence by cytological 
means as to the origin and relationship of several forms oi Kniphofia abides. 

Material and Methods 

The material for this study was largely collected from residential gardens 
in Berkeley and from the University of California Botanical Gardens. Some 
material was also obtained from seed acquired from the Museum d’Histoire 
Naturelle, Paris. Unfortunately, the rootstocks were set out at different 
seasons and the plants grown under diverse environmental conditions. 
These circumstances lead the plants to develop and flower at different times. 
Hence it was impossible to make a careful comparison of the external mor- 
phological characters of the different plants. Of the seven plants studied 
KB-3 and KB-4 were noted as phenotypic variants. KB--3 was dwarfed 
in habit and produced shorter spikes with fewer flowers. KB-4 was more 
vigorous than average in habit and produced larger spikes and flowers. 
Both of these plants were from residential gardens. The remaining five 
plants were typical of the species. 

Root tips and anthers were fixed in chrom-acetic-formalin and stained in 
Haidenhain's iron-haematoxylin. Aceto-carmine and Brazilin smears (18) 
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were also employed in the preparation of the microspore-mother-cells and 
the male gametophytes. The results obtained from the slides prepared by 
the various methods are in perfect agreement. 

Kniphofia aloides is unusually well suited for studies of chromosome 
morphology and structure, and the processes of microsporogenesis. Prepa- 
rations showing the formation of microspores and male gametophytes are 
easily obtained. Stages showing the formation of generative and tube nu- 
clei afford excellent material for the study of chromosome morphology and 
structure. Observations on the latter stage agree in nearly every detail 
with those of the mitotic divisions in the root tips. 

This species has the added advantage of having flowers borne in long 
spikes. The buds develop successively at the apex of the indeterminate 
spike so that the first matured flowers occur at the base. Hence the material 
can be collected in systematic order. The average number of buds from 
ten spikes in definite stages of division are given in table i. This table in- 
dicates the comparative length of the periods involved during the various 
stages, and shows that it would be a rather simple matter to determine the 
approximate times to collect any desired stage. 

Table i. Average Number of Buds from Ten Spikes in Definite Stages of Division. 


{Order from Apex Downward) 

Archesporial and thread stages About 30 buds 

Diakinesis 3 buds 

First Metaphase 1.5 buds 

First Anaphase (Lengthening period) 2 buds 

First Anaphase (Contraction period) 0.5 buds 

Interkinesis 2.5 buds 

Second Metaphase i bud 

Second Anaphase 2 buds 

Telophase . 2 buds 

Tetrads 12 buds 

Young Microspores 2.5 buds 

Male gametophyte (formation of tube and generative nuclei) 2.5 buds 

Matured Pollen Many 


Cytology of Typical Forms 

Somatic Chromosomes 

In the most favorable somatic metaphase plates from root tips, Plate 
XXXV, figure 9 and text figure 2, it is possible to identify five types of 
chromosomes. Type i, text figure i, consists of a small pair with sub-ter- 
minal constrictions. The short segments of this pair average about 2.09 ja 
in length and the long segments about 3.95 ju- Type 2 likewise consists 
of a small pair of chromosomes with sub-terminal constrictions. The larger 
segments of this pair, however, average 1.66 pl longer than the larger seg- 
ments of the preceding pair. This pair also has well defined proximal 
satellites. The remaining chromosomes of the complement are considerably 
larger. 
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The chromosomes of type 3 consist of a sub-terminally constricted pair, 
the segments of which average about 2.78 ^ and 6.95 p in length. Although 
the members of this pair have not been observed to form well defined 
satellites, they frequently form small knobs or pseudo-satellites at the 
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Text Fig. i. 1-5, the five different chromosome types oi Kniphofia aloides. A, 
root tip metaphase chromosomes. B, P.M.C. diakinetic pairs. C, characteristic anaphase 
separation in P.M.C. B, P.M.C. second metaphase chromosomes. E, chromosomes of 
male gametophyte. X 2800. 
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proximal ends. The longitudinal halves of each long segment of this pair 
often tend to twist about each other in rope fashion, thus giving the 
appearance of a second constriction. Such constrictions may readily be 
mistaken for spindle fiber constrictions, especially if the chromosomes 
bend at the point of the twist or if the material is over-stained. 

Type 4 is likewise composed of a sub-terminally constricted pair. In 
this pair the segments average 1.80 /x and 6.85 /x in length. Type 5 consists 
of two pairs of chromosomes constricted near the middle. Since the form 
and size of these four chromosomes is practically the same, they cannot with 
certainty be separated into pairs. The several measurements of length of 
the shorter segments varied only from 4.99 to 5.10 fi and the larger segments 
from 6.95 to 7.12 /X. 

From the preceding type descriptions, it is apparent that the chromo- 
some complement may be divided into a group of J’' shaped and a group 
of “V” shaped chromosomes (text fig. i). To the former group belong 
types I, 2, 3 and 4 with sub-terminal constrictions and in the latter group, 
type 5 with sub-median constrictions. The complement may also be di- 
vided into small chromosomes, type i; medium, type 2; and large, types 3, 
4 and 5. These groupings are of special interest, since, as will be described 
below, they exhibit distinct behavior during meiosis. 

The point of constriction apparently determines the chromosome orienta- 
tion in the metaphase plate. The large “V” shaped chromosomes are ar- 
ranged at the periphery and lie quite flat, while the ‘"J” shaped chromo- 
somes, especially those which approach a rod shape, are arranged in the 
center of the plate and tend to turn away from the horizontal position 
(text fig. 2). Such a situation may account for the fact that the chromo- 
somes often have the appearance of being oriented in pairs. 

Meiotic Chromosomes 

Since a study of the thread stages has not yet been completed, only the 
behavior from diakinesis onward will be discussed. 

During diakinesis there are formed two large rings, two large “X”s, one 
medium sized '‘X” and one smaller droplet of double appearance (PL 
XXXV, fig. I, and text fig. i). Although these configurations vary some- 
what in shape and size, the variations depend upon the state of contraction. 
Thus, during early diakinesis the rings are large enough to loop and often 
appear as two small joined rings. Such loops, however, are straightened by 
contraction and are never found at late diakinesis. Hence, complete con- 
figuration stages are most frequent and favorable during late diakinesis. 

Although the size relations of the diakinetic pairs correspond with those 
previously described for the somatic pairs, a relationship between diakinetic 
forms and somatic forms is much less consistent. Nevertheless, some an- 
alogy does exist. In the somatic garniture there are two pairs of “ V”s and 
four pairs of ' ' J ”s. It seems probable that the two diakinetic rings Represent 
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the somatic V”s while the three diakinetic “X”s and double droplet repre- 
sent the "J”s. The existence of such a form relationship is further sup- 
ported by the fact that in late second contraction there are four meiotic 
“X”s instead of three, as found in diakinesis. It is also strongly supported 
by the behavior found in abnormal forms described below. 

During the first metaphase, the bivalents, with the exception of one pair, 
are globular in shape and compose a very regular plate. The exceptional 
pair has a tendency to retain its diakinetic form and lie slightly apart from 
the other five pairs (PI. XXXV, fig. 2). Although at this stage, one pair is 
considerably smaller than the others, size relations are not as distinct as in 
the case of the somatic and diakinetic pairs. The small bivalent probably 
represents the small somatic pair, type i. 

In the anaphase the bivalent partners do not disjoin in the ordinary way, 
nor pass to the poles in orderly rows of individual members. The partners 
go through a process of lengthening until their points of spindle fiber attach- 
ment have reached the polar regions (PI. XXXV, fig. 3). During this 
process the partners remain attached to each other at their equatorial ends 
and become nearly the same length as the somatic chromosomes. They 
also become very knotty and often resemble a corkscrew. The attachment 
between the partners breaks at late anaphase and the partners contract 
very rapidly (see table i) to the opposite poles (PI. XXXV, fig. 4). This 
contraction results in the chromosomes entering interkinesis in the form of 
globules. 

The above anaphase process does not take place simultaneously in all 
the chromosomes. Only four bivalents start disjunction in early anaphase. 
The partners of these four bivalents become more or less rod shaped as the 
separation proceeds. In this group there is one small pair, one medium 
sized pair and two large pairs (text fig. i). During separation the medium 
sized pair develops a large knot at the equatorial region. This knot persists 
until the pair is finally separated in late anaphase. These four pairs un- 
doubtedly represent the somatic “J” shaped groups of chromosomes. 
Probably the small pair represents the somatic type i ; the medium sized 
pair, the somatic type 2 with satellites; and the two large pairs, the somatic 
types 3 and 4. When the free ends of the above four pairs are about half 
way between the equatorial zone and the polar regions, the remaining two 
pairs begin to disjoin. The partners of these two bivalents are at first very 
massive and “ V” shaped. Both ends of the synaptic 'W”s are attached to 
each other and hence the pairs often appear diamond shaped (text fig. i). 
During their lengthening period the V shape becomes more pronounced and 
the chromosomes may become detached at one end. These two large pairs 
probably represent the four large somatic V-shaped chromosomes, type 5. 

Although a detailed study of interkinesis has not been made, it has been 
noted that the chromosomes pass through a series of changes. They lose 
their identity, the chromatin becomes rather finely dispersed, and finally a 
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Spireme is formed. From this spireme the chromosomes emerge in their 
somatic form. 

During the second metaphase the chromosomes are usually twisted in 
such a fashion as to make study difficult (PI. XXXV, fig. 5). In an occa- 
sional plate, however, they are exceptionally well spaced and the five de- 
scribed somatic types are very clear. Although within the second meta- 
phase group the size relations of the types are the same as within the somatic 
complement (text fig. i), the whole group is considerably smaller. Such a 
condition may account for the more definite constrictions in the second 
metaphase chromosomes. In no case has type 2 been observed to form a 
satellite during second metaphase. 

In the remaining stages of microsporogenesis nothing of particular in- 
terest in connection with the present report was observed. However, it 
might be stated here that cytokinesis is accomplished by furrowing at the 
end of second division (PL XXXV, figs. 6 and 7). 




Text Fig. 2. A and typical Kniphofia aloides. Metaphase plates of root tip and 
male gametophyte. C, variant KB-4. Metaphase plate of male gametophyte. D, 
variant KB~3. Metaphase plate of male gametophyte. X 2600. 
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Gametophytic Chromosomes 

During the formation of the tube and generative nuclei, the morpholog- 
ical characteristics of the six haploid chromosomes are exceedingly clear (PL 
XXXV, fig. 8, and text fig. 2). In the metaphase the chromosomes usually 
lie quite flat and the five described somatic types are easily distinguishable. 
The average measurements of the types at this stage are practically identical 
with those of the somatic averages. Although type 2 occasionally tends to 
form a satellite, it frequently, as in the case of second metaphase, fails to 
form one. The types are likewise easily distinguishable during the an- 
aphase. 

A limited study of chromosome morphology and behavior during the 
development of the female spore and gametophyte has revealed that it is 
practically identical with that described in the case of the male. 

Cytology of Variant Forms 

Since the five chromosome types of Kniphofia aloides are easily distin- 
guishable during meiosis and the first division within the male gametophyte, 
the somatic complement of the variant forms has not been studied. 

Variant KB~4 

This form is characterized by having enlarged external morphological 
characters. Upon cytological examination it was found to be a trisomic 
form. 

During diakinesis and first metaphase in the microspore-mother-cells of 
KB-4 there are generally formed five bivalents and one trivalent. Occa- 
sionally, however, one of the three homologs of the trivalent fails to join or 
remain attached to the others. In this case, the univalent is well separated 
from the bivalent, even to the extent of being situated on the opposite side 
of the nucleus or plate. 



A B C 


Text Fig. 3. A, typicaX Kniphofia aloides. Characteristic diakinetic pair and mode 
of separation of the fifth type chromosomes. B, variant KB-4. Characteristic trivalents 
and modes of separation, C, variant KB-3. Characteristic pair involving the modified 
fifth chromosome and the mode of separation. X 2800. 

When six pairs are present, the typical diakinetic configurations are 
clearly represented. The additional univalent, which occurs in the latter 
case, is more or less rod shape and about one-half the size of one of the large 
rings. When the trivalent is formed it replaces one of the two large rings 
and assumes one of two forms (text fig. 3). The most common of these 
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forms is a ring with the extra homolog attached by one end and bending 
either toward or away from the ring. There is little variation in the second 
trivalent form, the ends of the extra homolog being attached to opposite 
side of the ring. 

During first metaphase the trivalent is easily distinguished from the 
bivalents by its large size and its more or less three lobed character. Like- 
wise, the univalent is smaller than the bivalents. As in the typical forms, 
described above, only two of the metaphase bivalents are distinguishable 
from the others. These two are the rather small pair and the pair which 
retains its diakinetic form. Hence during this stage it is impossible to 
identify the pair with which the extra homolog associates. However, since 
the two bivalents which can be identified occur in plates along with the tri- 
valent, it is certain that the extra chromosome is not associated with either 
of these pairs. 

During the first anaphase the bivalent partners behave like those In the 
typical form. The trivalent partners, as in the case of diakinesis, are either 
joined at both ends or the end of one mate is free (text fig. 3). These part- 
ners become V-shaped during separation and are distributed along with the 
products of bivalent disjunction. On the other hand, when the univalent 
is formed it exhibits no definite shape and is usually distributed at random. 
It frequently lags, is often left in the plasma and occasionally divides. Very 
rarely the univalent forms a thread-like connection between the two late 
anaphase groups. This connection apparently results in the suspension of 
the division and finally in the production of somatic gametes. 

The second metaphase counts confirm the anaphase findings, that is, 
occasionally the extra chromosome has been eliminated, rarely somatic 
metaphases have been formed and very rarely the univalent has divided. 
In all favorable plates which contain only six chromosomes the five haploid 
somatic types are easily distinguishable. In plates which contain seven 
chromosomes the five types are likewise distinguishable but there are three 
chromosomes of type 5 instead of two. In one somatic metaphase plate it 
was possible to classify all thirteen chromosomes into their respective types. 
There were clearly five chromosomes of type 5. 

That univalent division at first anaphase was actually a fragmentation is 
shown by the extreme variation in size of resulting parts. The length in 
microns of several fragments is recorded in table 2. 


Table 2. Length of Univalent Parts at Second Metaphase 


Single plates 

1.30 

2.10 

bo 

4^ 

5.00 

6.02 

6.01 

7.00 

Both plates. 

3-75 

5-24 

2.0(51 

6.95' 

2,25 

6.60 

1.02 

7.79 

4-45 

4-65 

Average 

Total length both plates 

j 

8.99 

9.01 

8.85 

8.81 

9.10 

, ■ 

S.95 


* Only single divisions into two parts occurred. 
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The average length of both fragments occurring in single microspore- 
mother-cells was 8.95 fx. This average agrees fairly well with 8.99 p,, the 
average length of the fifth type chromosome at this stage. In only the first 
case in table 2 was the break approximately at the point of constriction. 
Only rarely do the fragments exhibit constrictions. 

A detailed study of second anaphase has not been made. However, the 
division is fairly regular except for a very slight amount of lagging. This 
lagging in all cases appears to be concerned with the fragments. It is 
likely that in a few of the fragments the chromatin has been reorganized by 
fragmentation, so that a normal homotypic division is no longer possible. 
Such a change may involve only the spindle fiber constriction. 

Chromosome counts during the first division within the male game- 
tophyte confirm the above meiotic behavior. The four expected types, n, 
n + a fragment, n + 1 (text fig. 2), and 2n + i, of gametophytes were ob- 
served. No gametophytes which might have resulted from the extra chrom- 
osome being eliminated in the plasma were observed. The chromosome 
morphology during this stage agrees with that of second metaphase, the 
extra chromosome belonging to the fifth somatic type. 

The gametophytes which contain extra chromosomes are apparently as 
vigorous as those which contain the normal haploid number. The game- 
tophytes which contain the somatic chromosome complement may be readily 
distinguished by their large size. 

Variant KB-3 

External morphological characters of this form are slightly dwarf. 
With the exception of one chromosome KB-3 was found to have the typical 
somatic complement and exhibit normal meiotic behavior. The excep- 
tional chromosome belongs to the fifth type of somatic chromosomes and is 
considerably longer than its homolog. Since the pair involving this long 
chromosome does not exhibit irregularities during meiosis, only the features 
bearing upon its possible origin will be described. These features are the 
degree or closeness of diakinetic and first metaphase conjunction, the diakin- 
etic configuration, and the length of the modified chromosome. 

During diakinesis the modified chromosome is united to its partner at 
one end and in the region where its other end would normally be located 
(text fig. 3). The remaining part or additional length of this long homolog 
remains attached in the form of a small bent rod. The whole configuration 
is more or less ‘‘Q” shaped. The ring shaped part of this figure is of the 
same general size and shape as that in the typical form. The affinity be- 
tween the homologs is also equal to that in the typical case. In shape and 
behavior it greatly resembles the first trivalent discussed in the case of KB-4. 

During the first metaphase the modified pair is fairly easily distinguished 
from the normal bivalents by its large size. However, it differs from the 
KB™4 trivalent in that it does not exhibit the three lobed appearance. 
Hence, the affinity between the homologs is probably greater than that 
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where extra homologs are present and is probably equal to that in the typical 
form. 

At second metaphase the segments of the modified chromosome average 
5.30 ju and 7.55 /X. The average of the shorter segment agrees fairly well 
with the 5.24 pt average of the longer segment in the typical form. The 
long segment is about twice, 3.75 that of the shorter segment in the typi- 
cal form. These relations agree with those found in the male gametophyte. 
During the first division in the latter case the modified chromosome segments 
average 7.01 pt and 10.40 pt,(text fig. 3). In the typical form the measure- 
ments are respectively 6.99 px and 5.00 pt. 

Discussion 

In the preceding cytological description it is shown that eight of the twelve 
chromosomes of Kniphofia abides are readily separable into pairs. The 
remaining four chromosomes, constituting type 5, exhibit identical or nearly 
identical morphological features and meiotic behavior. Since they never 
form multivalents during meiosis, they are clearly members of non-homolo- 
gous pairs. 

Variant form KB-~4 is shown to have in addition to the typical comple- 
ment one extra, or five chromosomes of the fifth type. These chromosomes 
usually form a bivalent and a trivalent during meiosis. Variant form KB-3 
involves the same group of chromosomes. It has the typical complement 
with the exception of one extra large chromosome of the fifth type. Meas- 
urements of this large chromosome show that one of its segments is ap- 
proximately twice as long as in the typical form. During meiosis it always 
pairs with one of the other chromosomes of the group. Such cytological 
affinity and morphological similarity indicate that this large chromosome 
probably has a duplicated section. 

Similar behavior of supernumerary homologs has frequently been dem- 
onstrated by Belling (4), Belling and Blakeslee (6), and others. Duplica- 
tion or the addition of a segment to a homolog (Bridges, 9) has not sufficient 
cytological basis. It is, however, clear that duplication is very similar to 
chromosome linkage (cf. Datura, Oenothera, Aucuba, etc.) 

In view of the known behavior of supernumerary and modified chromo- 
somes (cf. Goodspeed and Avery, 1 1) , the similarity of morphological features 
and meiotic behavior of the extra and large chromosomes of the above vari- 
ant forms to that of the fifth type chromosomes in the typical form, indicates 
unquestionable homology. It is therefore highly probable that the variant 
forms KB~4 and KB--3 were derived either from the typical species or from 
closely related species or forms. 

Of the numerous methods by which these chromosome variants may have 
arisen it seems probable that polyploidy or nondisjunction was originally 
involved. In the preceding cytological description it is shown that KB-4 
frequently forms gametes having the somatic chromosome complement. 
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The probable viability of these garaetes is indicated by the apparently 
tetraploid nature of several of the larger variant forms of Kniphofia abides} 
It is well known that trisomic individuals are readily obtained from poly- 
ploid plants and polyploid hybrids (Belling and Blakeslee, 5; Van Overeen, 
16; Lesley, 13; Webber, 19). Likewise, the production of trisomic indi- 
viduals following nondisjunction has frequently been reported (Blakeslee 
and Belling, 8; Ruttle, 15; Avery, i). 

Fragmentation of unpaired chromosomes similar to that described above 
in the case of Kniphofia variant KB-4 has previously been reported in to- 
mato and Nicotiana (J. W. and M. M. Lesley, 14; Webber, 19). Likewise, 
in the case of certain plants, diminutive chromosomes have been observed 
in individuals derived from parents known to form fragments (cf. preceding 
authors). It is conceivable that such fragments may become permanently 
attached to their homologs (Goodspeed and Avery, ii). 

Further investigations of other forms of Kniphofia are being carried on 
and will be reported at a later date. The present study indicates that a 
relatively high percentage of these forms will prove to be chromosome vari- 
ants. This high percentage of chromosome variants is readily explainable 
on the basis of polyploidy, hybridization and vegetative propagation. 

Summary 

1. The twelve somatic chromosomes of Kniphofia abides can be sep- 
arated into five types on the basis of size distinctions, position of constric- 
tions, and occurrence of satellites. 

2. The five types may readily be distinguished during meiotic divisions 
by form and characteristic modes of pairing. They are also distinguishable 
during the first division within the male gametophyte. 

3. Of the seven plants examined KB-3 and KB-4 chromosomal 
variants. The chromosomes involved in these variants are apparently 
homologous to chromosomes in the typical form. 

4. KB-3 has one extra large chromosome, which is probably a normal 
homolog with a duplicated section. KB-q is a trisomic plant. 

5. These two variants probably originated from the typical form or 
from a closely related form by methods involving polyploidy or non-disjunc- 
tion and fragmentation. 

6. Due to hybridization and vegetative propagation there is likely to be 
a relatively high percentage of chromosome variants among the various 
forms of Kniphofia abides. 

Rubidoux Laboratory, 

Riverside, California 

^ Preliminary cytological examination of several forms of K. aloides indicates that they 
are tetraploid. 

28 
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EXPLANATION OF PLATE XXXV 

Unretouched photomicrographs of Typical Kniphofia abides (X approximately 650). 
Fig. I. P.M.C. Diakinetic configuration. Fig. 2. P.M.C. first metaphase. Fig. 3. P.M.C. 
first anaphase, lengthening period. Fig. 4. P.M.C. first anaphase, contraction period. 
Fig. 5. P.M.C. second metaphase. Fig. 6. P.M.C. second anaphase. Fig. 7. Tetrads. 
Fig. 8. First metaphase male gametophyte. Fig. 9. Root tip metaphase plate. 




THE DEVELOPMENT OF THE PELTATE HAIRS OF 
SHEPHERDIA CANADENSIS^ 

D. C. Cooper 

(Received for publication December 3, 1931) 

It is well known that the characteristic silvery or reddish-brown appear- 
ance of the young twigs, buds, and leaves of the members of the Elaeagnaceae 
is due to a thick coating of peltate and stellate hairs. An examination of 
three members of this family, Shepherdia canadensis (L.) Nutt., S. argentea 
Nutt., and Elaeagnus angustifolia L. has shown the peltate hairs to be almost 
constant in size and shape within each species and very similar for the 
species examined. 

The peltate hair may be described as consisting of a central stalk bearing 
a flattened or conical shield. The shield is made up of a considerable num- 
ber of ray cells which usually have somewhat thickened walls and empty cell 
cavities. The distal end of each of these ray cells is free and tapers to a 
point. 

It has been suggested by earlier investigators that the presence or absence 
of peltate hairs, and, if present, the form, size, and color of such hairs could 
be used in distinguishing between genera and species of plants. Schacht 
(1852, 1856) found that the scales {Schuppen) of the Elaeagnaceae were very 
similar to those of the Bromeliaceae. Prillieux (1856) separated some 23 
members of the Oleaceae on the basis of the type of "'star” hairs {polls en 
etoile) characterizing each species. He found that the hairs differ in size, 
shape, and color, and in the number of cells in the shield. He considered the 
peltate hair to be actually a stellate hair, in which the radiating cells of the 
shield are held together by a cuticle. De Candolle (1856) used the presence 
and form of the peltate hairs (radiota pilosae) as taxonomic characters in 
describing the members of the Elaeagnaceae. Vesque (1882) made use of 
various types of peltate hairs {polls en stellate hairs {polls en etoile) 

and bunched hairs {polls en plnceau) as taxonomic characters in the Cap- 
paridaceae. Haberlandt (1884) described the scale hair {Schuppenhaar) 
as characteristic of members of the Elaeagnaceae. 

According to Bachmann (1886), Radlkofer (1884) observed a similarity 
in the structure of the peltate hairs of the members of four families of plants. 
Bachmann (1886) studied the peltate hairs {Schlldhaaren) and the stellate 
hairs {Sternhaaren) of some 34 families of Angiosperms. On the basis of 
the characters of the peltate hairs, he formed a key to the genera of the 

^Papers from the Department of Genetics, Agricultural Experiment Station, Uni- 
versity of Wisconsin No. 128. Published with the approval of the director of the station. 
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families studied. He classified 20 members of the Elaeagnaceae as having 
shield hairs, only a portion of whose radiating cells reach from the center 
to the margin. Gilg (1894), Trelease (1925, 1926), Rehder (1927), and 
others have made use of the varying types of peltate hairs in describing 
various species of Elaeagnaceae. Rehder (1927) noted that the scales, 
which are divided to the base in Shepherdia canadensis and are merely den- 
tate in S. argentea, are divided fully half way to the middle in the hybrid 
S. argentea X canadensis = 5 . gottingensis. 

Sakisaka and Suehiro (1929) report two distinct types of “star” hairs 
in five Japanese species of Elaeagnus. In each species they find large hairs 
with a maximum diameter of 0.5 mm. and smaller hairs with a maximum 
diameter of 0.2 mm. covering leaves, twigs, sepals, and fruits. Hairs of the 
larger type in these species are considered to be sufficiently diflferent in form 
to be used as taxonomic characters, whereas the smaller ones are useless for 
this purpose. The illustrations of the “star” hairs indicate that the authors 
have reference to the peltate form of hair. 

It is perhaps possible that the peltate hairs of the species under considera- 
tion might likewise be used as taxonomic characters. It should be pointed 
out, however, that the peltate hair of Elaeagnus angustifolia (PI. XXXVI, 
fig. 2) is very similar to that illustrated by Sakisaka and Suehiro (1929) for 
E. macrophylla and that it would be difficult to distinguish between the 
“star” hair of E. multiflora as illustrated by Sakisaka and Suehiro and that 
of Shepherdia argentea (fig. 6). There is a striking similarity between the 
peltate hair of 5 . canadensis (fig. i) and that of Hippophae rhamnoides 
(Haberlandt, 1884). 

The peltate hairs of Shepherdia canadensis (fig. i) are much larger and the 
shield is made up of many more cells than is the case with the hairs of the 
other species examined (figs. 2, 3). These hairs are reddish-brown, and be- 
cause of the long central stalks which raise the shields above the epidermis, 
they give a brown, scurfy appearance to the stem and leaves. The peltate 
hairs of Shepherdia argentea (figs. 3, 6) and of Elaeagnus angustifolia (fig. 2) 
are very similar to each other, have short stalks, and are silvery gray, giving 
to the foliage and young stems a smooth, grayish appearance. 

The stellate hairs of Shepherdia canadensis^ which seem to be limited to 
the leaves, consist of long and relatively fewer (usually eight to sixteen) 
ray cells than are to be found in the peltate hairs. The greater portion of 
each cell is free at the margin. The more or less “cottony” appearance of 
the lower surfaces of the leaves is due to the presence of mats of these hairs. 
In Elaeagnus angustifolia the stellate hairs (fig. 5) are much larger than the 
peltate hairs (fig. 2) and have more ray cells than those of Shepherdia can- 
adensis, These are likewise limited to the leaves. An examination of the 
hairs on the leaves of Shepherdia argentea revealed the presence of two types 
of peltate hairs, a peltate hair (fig. 3) similar to that found in Elaeagnus 
angustijoUa and a more or less rounded peltate hair whose ray cells are united 
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for only half their length (fig. 6). This latter type of hair seems to be limited 
to the leaves. 

The stellate hairs (fig. 4) occur sparingly upon the upper surface of the 
leaf of Shepherdia canadensis and there is a dense mat of them on the lower 
surface, while an occasional stellate hair is to be found on the petioles. The 
stellate type is totally lacking on the bud scales and young stems. The 
peltate hairs are not present on the upper surface of the leaf. They are to 
be found along the veins on the lower surface of the leaf and are much more 
abundant than the stellate type on the petiole. Dense mats of the peltate 
hairs cover the bud scales and young stems. The hairs remain on the buds 
and young shoots until the following spring when they begin to drop away, 
and little trace of them is to be found on the two- and three-year-old twigs. 

The shield of a peltate hair develops from a single epidermal cell, whereas 
the stalk develops from the hypodermal cells just below the epidermal hair 
initial and from the epidermal cells immediately surrounding it. The 
epidermal cell which is to develop into a shield enlarges somewhat (figs. 7, 
14) and is easily distinguished from the surrounding epidermal cells by its 
thicker wall, more dense cytoplasm, and somewhat larger nucleus. By a 
division of this cell in a plane perpendicular to the surface of the epidermis, 
two thick- walled cells are formed (figs. 8, 15). These two cells elongate 
so that they project above the epidermis, and then both divide vertically in 
a plane at right angles to that of the first division, thus forming a four-celled 
shield (fig. 9). Each of the four cells now present divides a number of times 
vertically in planes that form acute angles with radii of the shield ; the radiat- 
ing partition walls thus extend from the central region of the shield but not 
from its exact center (figs. 10, 1 1 , 12). Young hairs of Shepherdia canadensis 
consisting of 8, 12, or 16 cells are very numerous on the young stems. By 
the time the 8-celled stage is reached, the greater portion of each of the cells 
making up the shield protrudes above the epidermis, and these cells begin to 
elongate laterally from the central axis (figs. 16, 17). As the number of 
cells in the shield increases, each cell elongates still further, the diameter 
of the shield thus steadily increasing (figs. 18, 19). 

While the elongation of the radiating cells is taking place, the nucleus 
of each cell migrates toward the outer margin of the shield. This migration 
is evident first in the i6-celled stage of the shield (fig. 12), and in the older 
growing shields the nuclei are always to be found near the marginal ends of 
the cells (figs. 18, 19). 

With the increase in the size of the shield, the inequality in size of the cells 
arising from the division of a single radiating cell is very evident. One of the 
two daughter cells arising from a single cell of an eight-celled shield is some- 
what larger than the other (fig. 10 B). In a shield consisting of 64 or 

more cells, the plane of division of a cell occurs at such an angle to the 
radius of the shield that the marginal cell which is cut off is about half as 
long as the parent cell (fig. 13). These marginal cells elongate and by con- 
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tinued divisions the shield enlarges until it contains perhaps 300 or more 
radially elongated cells. In the young shields the cells show various stages 
in nuclear and cell division. Bachmann (1886), describing the peltate hairs 
of the Elaeagnaceae, reported that the radiating cells do not all extend 
from the center, but that often a ray cell that arises at the middle point 
develops two or three cells so that a branched system of rays is formed. 

The first evidence of the formation of a stalk occurs shortly after the 
shield has reached the i6-celled stage (fig. 19). The hypodermal cells be- 
neath the central portion of the shield elongate somewhat and then divide 
by transverse walls. These new cells by continued growth push the central 
portion of the shield above the surface (figs. 19, 20) and hypodermal cells 
are forced into the aperture thus left in the epidermis. Both the hypodermal 
and the adjacent epidermal cells now divide (figs. 20, 21, 22) to form the 
multiseriate stalk which raises the shield above the epidermis. When the 
stalk is mature, it consists of a central core of hypodermal cells surrounded 
by a single layer of epidermal cells. Solereder (1908) reported that the 
cells of the stalk of a peltate hair in S. canadensis immediately below the 
terminal portion of the hair are short and have yellow walls. There is no 
evidence, in the material studied, of such short cells; the cells below the 
shield are on the contrary considerably longer than those that make up the 
remainder of the stalk (figs. 23, 24). 

The method of formation of peltate hairs here described differs mater- 
ially from that described for similar hairs by previous investigators. Schacht 
(1852, 1856) found that the scales of the Bromeliaceae are hairs whose 
stalks have not lengthened and whose disks are developed by growth and 
divisions of a single bell. Greenland (1855) in his study of the development 
of the glandular (peltate) hairs of Pinguicula vulgaris^ found that an en- 
larged epidermal cell, by a horizontal division, divides to form an upper and 
a lower cell. The stalk develops from the lower and the cap from the upper 
cell. By vertical divisions the cap cell divides to form an umbrella-like 
shield. Chatin (1855) noted a similar type of development in the formation 
of the cy sties on the lower surface of the leaf of Callitriche. Prillieux (1856) 
found that the peltate hairs of the 23 species of Oleaceae studied by him 
have a similar early development. He described the first appearance of the 
hair as an epidermal cell that protrudes above its neighbors. By a trans- 
verse division of this cell a primary cap cell and a stalk cell are formed. 
The cap cell is divided vertically, and then each daughter cell is divided in a 
vertical plane at right angles to the plane of the first division thus forming a 
four-celled cap. The hairs of all the Oleaceae are similar in their develop- 
ment to this point. The mature hairs vary in number of cells in the cap, 
from those of Jasminum officinale with four cells to those of Olea europaea 
with 32. When the cap is composed of more than a score of radiating cells it 
loses its disk-like form, each cell develops freely and irregularly at its extrem- 
ity, and thus the cap takes on the form of a star. After having studied the 
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development of the hairs of the Oleaceae and having examined preparations 
showing the development of the hairs of Pinguicula and Callitriche, Prillieux 
concluded that all peltate hairs are developed in a similar manner. 

The cells of the shield of the mature hair of Shepherdia canadensis are 
thick-walled and reddish-brown. The cytoplasm and nucleus of each cell 
has disintegrated. The elongated cells of the stalk just beneath the shield 
likewise become thick-walled, their protoplasm disintegrates, and their walls 
take on the color characteristic of the shield. The cells of the remainder of 
the stalk remain thin-walled and their protoplasm persists during most of the 
current growing season, but they ultimately become rusty brown. 

It has been suggested that the mat formed of such hairs protects the 
plant against loss of water (Sakisaka and Suehiro, 1929). Eames and Mac- 
Daniels (1925) say that stellate, peltate, and other types of matted epidermal 
hairs form a dead air space next the epidermis wherein air is maintained at a 
relative humidity approaching that on the inside of the leaf, thus preventing 
water loss to the plant. Sayre (1920), after making a comparative study 
of the loss of water from normal plants of Verhascum Thapsus and from 
plants having the epidermal hairs removed, concludes that the value of the 
mat of hair as a protection against loss of water is negligible. 

Summary 

The peltate and stellate hairs in Shepherdia canadensis, S. argentea, and 
Elaeagnus angustifolia were found to be similar in size and shape, and within 
each species to be almost constant in these respects. 

The hairs of Shepherdia canadensis are described in detail and compared 
as to structure and distribution with those of the other two species. 

The development of these hairs is described for S. canadensis. The 
shield arises from a single epidermal cell and the stalk from adjacent epi- 
dermal and hypodermal cells. The hairs of this species were found to differ 
in development in several respects from similar structures in other families. 

Department of Genetics, 

University of Wisconsin, 

Madison, Wisconsin 
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EXPLANATION OF PLATE XXXVI 
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Peltate hair of Shepherdia canadensis, lower surface. 

Peltate hair of Elaeagnus angustifolia, upper surface. 

Peltate hair of Shepherdia argentea. X 70. 

Stellate hair from leaf of 5 . canadensis. X 70. 

Stellate hair from leaf of Elaeagnus angustifolia. X 70. 

Peltate hair from leaf of Shepherdia argentea. X 70 
Single-celled epidermal peltate hair initial of 5. canadensis. 

Two-celled stage of shield. X 620. 

Four-celled stage of shield. X 620. 
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THE CHROMOSOMES OF SHEPHERDIA CANADENSIS^ 

D. C. Cooper 



(Received for publication December 3, 1931) 

A study of the pollen mother cells of Shepherdia canadensis (L.) Nutt, 
was undertaken to determine the number of chromosomes and to detect, if 
possible, any morphological differences between the members of a pair of 
chromosomes that might be associated with the dioecious condition of this 
species. Sinotb (1929) and Miss Lindsay (1930) have made extensive 
studies of the chromosomes in dioecious plants. Both authors include 
lists of dioecious angiosperms in which heterochromosomes have been 
found and a list of species in which investigation has failed to reveal hetero- 
chromosomes in the sexes examined. No study has, thus far, been made of 
the chromosomes of S. canadensis, 

Staminate buds of this plant were obtained during the springs of 1929 
and 1930 from plants growing near the Biology Building at the University 
Wisconsin. Buds of various sizes were fixed in Flemming’s medium and 
Carnoy’s solutions. The Carnoy’s solution was made up as follows: 95% 
alcohol, 3 parts, chloroform i part and glacial acetic acid i part. Some 
of this material was cut in paraffin, and, in the case of that fixed in Carnoy’s 
solution, the stamens were dissected from the buds and crushed in a drop of 
aceto-carmine. It was found to be extremely difficult to section the material 
imbedded in paraffin as the buds are covered with a dense mat of peltate 
hairs. Division figures are readily obtained in the microspore mother cells 
that are to be found in young, well-developed buds on which the peltate 
hairs are, as yet, silvery white. Tetrads are to be found in those slightly 
older buds on which the hairs are beginning to turn to their characteristic 
rusty-brown color. 

The flower buds of S. canadensis appear in the axils of the young leaves 
shortly after the dropping of the matured flowers. The pollen mother cells 
pass through the reduction divisions and the pollen grains are formed during 
the first part of June. This pollen is not shed until the early part of the 
following April. 

The number of chromosomes has heretofore been determined in only two 
species of the Elaeagnaceae. According to Miss Gaiser (1930), Sobolewska 
(1926) found the haploid number of chromosomes to be six in Elaeagnus 
angustifolia and ten in Hippophae rhamnoides. In Shepherdia canadensis 
the writer has found the haploid number of chromosomes to be eleven, the 
diploid number 22. 

^ Papers from the Department of Genetics, Agricultural Experiment Station, University 
of Wisconsin No. 127. Published with the approval of the director of the station. 
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Aside from the difficulty of cutting the buds in paraffin, the pollen mother 
cells offer excellent material for study. At diakinesis the eleven chromo 
some bivalents vary considerably in size and are well separated so that thev 
may easily be counted (text figs, i, 6). Although 0- and V-shaped figures 
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about the same time it becomes impossible to distinguish the nuclear mem- 
brane. Shortly after the disappearance of this membrane, from several 
points in the cytoplasm, just outside the nuclear cavity, fibers appear to 
extend toward the chromosomes (text fig. 2). While this multipolar spindle 
is developing, the members of each bivalent become closely appressed so 
that it is difficult to distinguish the individual chromosomes. 

The division figures examined show a regular separation of equal chrom- 
osome pairs on both the heterotypic and homoeotypic spindles (text figs. 3, 
4). The heterotypic spindle occupies a position toward one side of the cell. 
There is a densely granular mass of cytoplasm on that side of this spindle 
toward the center of the cell. During the homoeotypic division this gran- 
ular mass occupies a broad zone midway between the two spindles (text 
%• 4 )- 

The somewhat rounded chromosomes are so compacted upon the hetero- 
typic equatorial plate that it is almost impossible to count them with cer- 
tainty in lateral view. Particular attention was given to the stages of 
separation of the homologous chromosomes (text figs. 3, 7-1 0). There was 
no evidence of a heteromorphic pair of chromosomes in the many figures 
examined. In late metaphase figures, certain of the chromosome pairs are 
conspicuous in that the constituent chromosomes adhere to each other as 
they move toward opposite poles and form a dumb-bell shaped figure before 
splitting (text fig. 9). The number of chromosome pairs is clearly eleven, 
as shown in polar views of equatorial plates of either division (text figs. 4, 
II, 12). The homoeotypic devision seems to proceed regularly and four 
granddaughter nuclei are formed near the plasma membrane of the mother 
cell (text fig. 5). Chromosome counts were made of a number of polar 
views of equatorial plates in somatic cells (text fig. 13), and the diploid 
number was found to be 22. 

Summary 

1. The haploid number of chromosomes in Shepherdia canadensis is 
eleven, the diploid number is 22. 

2. No evidence of a heteromorphic pair of chromosomes was found at 
any stage in the reduction division in the pollen mother cells. 

Department of Genetics, 

University of Wisconsin, 

Madison, Wisconsin 
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THICKNESS OF CUTICLE IN CRANBERRY FRUITS 
Neil E. Stevens 

(Received for publication December 6, 1931) 

Records of thickness of cuticle in the fruits of even our cultivated plants 
are so rare in botanical literature that it seems worth while to publish the 
measurements of a number of varieties of the cultivated cranberry, which 
show a rather constant difference in the thickness of the cuticle in different 
varieties and a decided difference in a single variety in different years. The 
measurements which are summarized in table i were made during the month 
of November in 1929, 1930, and 1931. 

The so called varieties listed in the table are all selections of wild vines 
of Vaccinium macrocarpon growing in eastern Massachusetts. Although 
many of them have been cultivated for several decades, not all are officially 
recognized as horticultural varieties, nor have the names used been so 
recognized. It is possible that in some cases a single variety appears under 
two names. However, in the case of varieties of uncertain identity, care 
was used to get the fruit from the same bog each year. The berries meas- 
ured were all selected by H. J. Franklin or J. L. Kelley as being ‘True to 
name.” It is thus reasonably certain that the same strain has been used 
under the same name in successive years. 

The measurements published are averages of at least 10 individual meas- 
urements made in transverse sections taken approximately midway between 
the two ends of the berry. Sections from three or four different berries were 
used in all cases. During the early part of the work in 1929 much larger 
numbers of measurements were made, 300 in one case, but there was so 
little variation that this seemed unnecessary. During 1929 measurements 
were made in both cross and longitudinal sections but this also proved un- 
necessary. The thickness indicated includes, of course, not only the cuticle 
but the cell wall since the measurements were made from the outer edge of 
the cavity of the epidermal cell to the outer edge of the cuticle. Most of the 
measurements were made by Miss M. S. Wilcox and practically all were 
made with hand cut sections. 

Inspection of table i shows that the thickness of cuticle ranges from 8.7 
to 13.7 microns. That this difference is obviously not correlated with the 
size of the fruit was shown in some detail for the crop of 1929.^ Very 
thick cuticle is found in some of the smaller varieties such as Bugle, while 
relatively thin cuticle is found in some of the large varieties such as Mac- 
Farlin. In all the varieties studied the cuticle was thicker in 1929 than in 

1 Stevens, N. E. Thickness of cuticle in cranberry varieties. Proc. Amer. Cranberry 
Growers Assoc. 61: 8-13. 1930. 
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1930 or 1931. This difference is so great, 20 percent or more bef>veen 1929 
and 1930 in eleven of the varieties, as to exclude the possibility of observa- 
tional error. Among the varieties measured in 1929, only the Early Black 
had a cuticle less than ten microns in thickness. In 1930, when the same 
varieties were measured, fourteen had a cuticle less than ten microns thick. 


Table i. Thickness in Microns of Cuticle of Cranberry Fruits Grown in 
Massachusetts, igzg-ig^i 


Variety 

1939 

1930 

1931 

Early Black 

9.9 

8.7 

9.0 

Perry red 

10.2 

9.7 

9.8 

Horseneck 

10.7 


9.1 

Klondyke 

10.9 

. — 

9.6 

Rhode Island 

10.9 

9-9 

9.9 

McFarlin 

II. I 

9.4 

9.9 

Wales Henry 

II. I 

9.8 

10.3 

Kelley. 

11.2 

94 

9.7 

Middieboro 

11-3 

9.6 

9.9 

Aviator 

11.4 


10.2 

Holliston 

11.4 

9-7 

10.9 

Nova Scotia 

II.4 


10.3 

Shurtleff 

11.4 i 

9.8 

10.2 

Smalley Howes 

11.4 


10.3 

Buckelow 

11.6 i 

9.9 

lO.O 

Pride 

11.6 

9-9 

10. 1 

Murdock 

II. 7 


lO.I 

Gifford 

I1.8 

— 

9-9 

New Town 

11.8 

— 

lO.I 

Russel Bell 

11.8 

— 

lO.O 

Atkins Seedling 

12.0 

9.8 

9.9 

Centerville 

12.0 

9-9 

II. I 

Berry 

12. 1 

lO.O 

10.8 

Stanley 

12. 1 

— 

II.2 

Tom Howes 

12.2 

lO.O 

10.3 

Champion 

12.3 

10.2 

! 10.8 

Howes 

12.4 

9-9 

10.8 

Indian Head 

12.4 

lO.O 

lO.I 

Black Veil 

12.5 

— 

10.5 

Centennial 

12.5 

9.6 

9.8 

Mathews 

12.7 

lO.O 

1 1.2 

Smith 

12,7 

. — 

10.5 

Shaws Success 

I 3 n 

10.3 

ii.i 

Bugle 

13-5 

II.8 

11.9 

Paradise Meadow 

13.7 

10.5 

10.6 


A smaller but apparently constant difference appears between the fruit 
of 1930 and that of 1931. Of the varieties measured in both these years 
practically all showed somewhat thicker cuticle in 1931. 

The Early Black which is the most important commercial variety in 
Massachusetts and perhaps the best adapted to Massachusetts conditions 
of any yet discovered has the thinnest cuticle of any of those measured. 
The second variety in importance in this region, the Howes, has a thick 
cuticle. 

The writer is unable to trace any relation between thickness of cuticle 
and weather conditions in the region where the cranberries are grown. The 
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summer of 1930, when the cuticle was noticeably thinner than in 1929, 
was one of extreme drought, but in the absence of experimental evidence no 
causal relation can be maintained. Information on rainfall and its distri- 
bution as well as temperature in this area is included in table 2. 


Table 2. Climatological Data for East Wareham, Massachusetts 



Mean Temperature 

Total Precipitation 

Days with .01 inch or 
More Precipitation 

July 

Aug. 

Sept. 

July 

Aug. 

Sept. 

I July 

[ 

Aug. 

Sept. 

1929 

69 

66 

63 

2.29 

5-79 

3-59 

9 

6 

II 

1930 

70 

68 

67 i 

2.72 

2.43 

0.36 

8 

II 

4 

1931- 

72 

70 

64 

3-91 

5-00 

I.8l 

12 

14 

5 


The variation in thickness of epidermis in the different years is apparently 
not correlated with the size of the fruit. In 1929 and 1930, the volume of 
berries of each variety was determined in samples of 100 berries taken from 
the same lots as those of which the epidermis was measured. From twenty- 
five such samples measured in 1929 and 1930, 13 were somewhat larger in 
1930, 9 somewhat smaller, and 3 of the same size in both years, yet the thick- 
ness of the epidermis was uniformally less in 1930. 

Within a variety and among the berries of a single crop there is, at least 
in some cases, some correlation between the size of berries and thickness of 
cuticle. In 1929 we selected from a large lot of Early Black berries grown 
in East Wareham, Massachusetts, 100 very small, 100 very large and 100 
medium size berries. The actual average volume of these lots, expressed 
in cubic centimeters per berry, was 0.85, 1.15, and 1.70. One hundred 
measurements were made of cross sections and one hundred of longitudinal 
sections in berries from each lot. The average thickness of cuticle in the 
small berries was 9.35 microns, for the medium sized 9.9, and for the large 
10. 1. In this case, at least, the cuticle seems to be slightly thicker in the 
larger berries. Even the largest Early Black of this year, however, still had 
a thinner cuticle than the average of any other variety measured. 

This study was undertaken in the hope of discovering some correlation 
between the thickness of cuticle and resistance to the attacks of decay- 
producing fungi. No such relation appears, however, either between 
varieties or between successive crops. The Early Black with the thinnest 
cuticle measured has in general good keeping quality. The MacFarlin 
which has a thin cuticle has the best keeping quality of any of the so-called 
fancy varieties. The Middleboro with approximately the same thickness 
of cuticle is generally recognized as having exceptionally poor keeping qual- 
ities. 

There is no apparent relation between the thickness of cranberry cuticle 
and the keeping quality of the crop as a whole. In 1 93 1 , when the thickness 
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of the cuticle was intermediate between that of 1929 and 1930, the crop as 
a whole showed the poorest keeping quality of any on record. 

Summary 

The thickness of the cuticle in thirty-three varieties of cultivated cran- 
berries from Massachusetts ranged from 9.9 to 13.7 in 1929. 

In all cases, the thickness of the epidermis in a given variety was greater 
in 1929 than in 1930 or 1931. 

This difference in the different crops does not appear to be correlated 
either with size of fruit or the keeping quality of the crop or with any 
obvious differences in weather conditions. 

Bureau of Plant Industry, 

Washington, D. C. 
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FIVE NEW GRASSES FROM TEXAS 
Jason R. Swallen 

(Received for publication December 9, 1931) 

In a collection of grasses made by J. A. Moore and J. A. Steyermark, 
from the Guadalupe Mountains, one species was found to be new. A 
second undescribed species has previously been included in Trichachne 
saccharata (Buckl.) Nash {Valota saccharata (Buckl.) Chase), but recent 
studies show that it is distinct. The other three were obtained in eastern 
Texas by W. A. Silveus. 

Festuca ligulata Swallen, sp. nov. 

Perennis; culmi erecti graciles, e basi decumbentes, 45-65 cm. alti; 
vaginae laeves vel scaberulae, glabrae; laminae 6-30 cm. longae, 1-2 mm. 
latae, scabrae; ligula 3-3.5 mm. longa; panicula 6-10 cm. longa, pauciflora, 
ramis i vel 2, scabris, adscendentibus vel divergentibus, e basi nudis; 
spiculae appressae, 2-3-fiorae, 6 mm. longae; glumae acutae vel subobtusae, 
scabrae; gluma prima 3.5 mm. longa, i-nervo; gluma secunda 4 mm. longa, 
3-nervis; lemmata 4 mm. longa, acuta vel subobtusa, scabra, sine aristis; 
palea lemmata aequans. 

Perennial; culms slender, loosely tufted, erect from a decumbent often 
rhizome-like base, 45-65 cm. tall, scabrous below the panicle, otherwise 
glabrous or nearly so; sheaths smooth or scaberulous, glabrous; blades 6-20 
cm. long, those of the innovations as much as 30 cm. long, 1-2 mm. wide, 
rather firm, scabrous on both surfaces, strongly nerved above; ligule hyaline, 
3-3.5 mm. long; panicles 6~io cm. long, the axis scabrous, the one or two 
branches stiffly ascending or spreading, few-flowered, naked below, scab- 
rous; spikelets 6 mm. long, 2~3-flowered, appressed to the branches; glumes 
acute or subobtuse, scabrous, especially on the midnerve, the first 3.5 mm. 
long, i-nerved, the second 4 mm. long, 3-nerved; lemmas 4 mrn. long, 
acute or subobtuse, scabrous, obscurely nerved, awnless; palea equaling or 
slightly exceeding the lemma (text fig. i). 

Type in the U. S. National Herbarium, no. 1501601, collected on moist 
shaded slopes along creek, upper McKittrick Canyon, Guadalupe Mountains, 
Culberson Country, Texas, alt. 1980 m., July 22, 1931, by J. A, Moore and 
J. A, Steyermark (no. 3576). 

This species is related to Festuca thurberi Vasey, differing in its less 
densely tufted habit, more slender culms, smaller panicles of smaller, fewer 
flowered spikelets, and shorter, subobtuse lemnias, 

Muhlenbergia involuta Swallen, sp. nov. 

Culmi dense caespitosi, erecti, 65-135 cm. alti, scaberuli vel glabri; 
vaginae carinatae scabrae, internodiis longiores; laminae usque ad 25 cm. 
longae, involutae, scabrae; paniculae 28-40 cm. longae, graciles, ramis sub- 
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filiformibus adscendentibus, inferioribus ad 20 cm. longis; spiculae 3-3.5 
mm. longae, pedicellis crassis strigosis; glumae 2-2.5 longae acutae 
scabrae; lemma 3~3*5 mm. longum scabrum marginibus basi dense pube- 
scentibus; arista 1.5--2 mm. longa, scabra. 



Text Figs, i and 2. Fig. i. Festuca ligulata. Natural size. From Moore and 
Steyermark 3576. Fig. 2. Muhlenhergia involuta. Natural size; spikelet and floret 
X 10. From Silveus 358. 


Culms densely tufted, erect, 65-135 cm. tall, minutely strigose below the 
panicle, otherwise scaberulous or nearly smooth, glabrous; sheaths com- 
pressed-keel ed, scabrous, much longer than the internodes; blades as much 
as 50 cm. long, wiry, involute, scabrous; ligule hyaline, 10 mm. long; panicles 
28-40 cm. long, slender, erect, the subcapillary branches narrowly ascending 
or appressed, naked toward the base, the lower as much as 20 cm. long; 
spikelets 3-3.5 mm. long, the strigose pedicels thickened above; glumes 
subacute or somewhat erose, scabrous, 2-2.5 mm. long; lemmas 3-3.5 mm. 
long, scabrous, densely pubescent on the margins toward the very base, the 
minutely toothed apex awned from just below the teeth, the awn slender, 
scabrous 1.5-2 mm. long (text fig. 2). 

Type in the U. S. National Herbarium, no. 1501594, collected in draws 
in hills, 20 miles northeast of San Antonio, October 10, 1931, by W. A. Sil- 
veus (no. 358). 

Muhlenhergia involuta is related to M, distichophylla (Presl) Kunth 
but in that species the spikelets are only 1.5-2 mm. long, the awns are 10-15 
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mm. long, the blades are flat, as much as 5 mm. wide, and the sheaths bear 
auricles 2-3 cm. long. In both species the glumes are shorter than the 
floret. 

Eragrostis silveana Swallen, sp. nov. 

Perennis; culmi dense caespitosi, erecti, 4^-50 cm. alti, glabri; vaginae 
glabrae; laminae usque ad 25 cm. longae, 3 mm. latae, attenuatae, glabrae; 
ligula o.2’~o.3 mm. longa; paniculae 25-35 cm. longae, ramis viscidis scabris 
adscendentibus vel divergentibus, basi nudis; spiculae 2.5-4 mm. longae, 
4-8 florae; glumae i mm. longae, i-nervo; lemmata 1.2-1.3 mm. longa, 
acuta, nervis lateralibus prominentibus. 

Perennial, culms densely tufted, erect from a knotty base, 40-50 cm. 
tall, glabrous; sheaths longer than the internodes, smooth, glabrous; blades 
flat or drying loosely involute, as much as 25 cm. long, 3 mm. wide, attenuate 
to a fine point, smooth, glabrous; ligule minutely ciliate, 0.2-0. 3 mm. long; 
panicles 25-35 10-15 cm. wide, partly inclosed in the upper sheaths, 

the viscid, scabrous branches stiffly ascending or spreading, naked at the 
base, the pulvini sparsely pubescent or pilose; spikelets purplish, 2.5-4 uuu* 
long, 4-8 flowered, those of the branchlets on short, usually appressed pedi- 
cels ; glumes i mm. long, or the first a little shorter, i -nerved ; lemmas i .2-1 .3 
mm. long, acute, the lateral nerves prominent (text fig. 3). 



Text Fig. 3. Eragrostis silveana. Natural size; spikelet X 10. From Silveus 360. 
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Type in the U. S. National Herbarium, no. 1501596, collected along rail- 
road near Taft, Texas, October i, 1931, by W. A. Silveus (no. 360). 

This species is viscid as in K, curtipedicellata Buck!., but is distinguished 
by the more open slender panicle of long- pedicellate spikelets. The inclosed 
base of the panicle suggests E, spectahilis (Pursh) Steud. (E. pectinacea of 
manuals), but the panicle is not rigid, the spikelets are smaller, and the 
foliage is glabrous throughout. 

E. silveana is named for Mr. W. A. Silveus, of San Antonio, who has 
contributed numerous collections to the National Herbarium. 

Trichoneura elegans Swallen, sp. nov. 

Annua; culmi erecti 35-110 cm. alti, glabri, infra paniculam scabri; 
vaginae carinatae, papillosae, scabrae, internodiis longiores; laminae 5-25 
cm. longae, 2-7 mm. latae, scabrae, pungentes ; ligula 2 mm. longa, truncata; 
paniculae densae, 15-18 cm. longae, 5 cm. latae, spicis 15-20, adscendenti- 
bus, inferioribus ad 8 cm. longis; spiculae, 9-10 mm. longae, 7-8-florae, 
pedicellis scabris; glumae acuminatae, spiculam aequantes; lemma inferior 
5.5 mm. longum, infra glabrum, supra scabrum, obtusum, callo barbato, mar- 
ginibus ciliatis; palea acuta, dentata, scabra; rachilla basi barbata. 

Annual; culms erect, 35-110 cm. tall, strigose below the panicle, other- 
wise glabrous; sheaths mostly longer than the internodes, more or less dis- 
tinctly keeled, papillose, scabrous; blades 5-25 cm. long, 2-7 mm. wide, 
narrower at the base than the summit of the sheath, pungently pointed, 
scabrous on both surfaces; ligule 2 mm. long, membranaceous, truncate; 
panicles finally exserted, 15-18 cm. long, 5 cm. wide at maturity, densely 
flowered, the axis strigose; racemes 15-20, approximate, narrowly ascending 
to somewhat spreading, the lower as much as 8 cm. long, the rachis 3-angled, 
scabrous on the angles; spikelets 9-10 mm. long on short strigose pedicels, 
7-8 flowered, the lowest floret sterile ; glumes equaling the florets, acuminate, 
awn-pointed, i-nerved, scabrous; lemmas 3-nerved, the lateral nerves mar- 
ginal, glabrous below, scabrous toward the obtuse minutely two-lobed sum- 
mit, awned from between the lobes, the awns not more than 0.5 mm. long, 
the margins conspicuously ciliate on the lower half or two thirds with spread- 
ing hairs as much as i mm. long, the flattened callus bearded on the margins, 
the lower 5.5 mm. long, the others gradually shorter; rachilla joint densely 
bearded at the base, otherwise glabrous; palea acute, 2-toothed a little 
shorter than the lemma, scabrous on the back and keels (text fig. 4). 

Late in the season the culms branch at the upper nodes and send up 
numerous small culms from the base, often as short as 10 cm. long, the pan- 
icles small and densely flowered. 

Type in the U. S. National Herbarium, no. 1501591, collected in sandy 
land south of Devine, Texas, September 26 , 1931, by W. A. Silveus (no. 343). 

This is the first species of this African and South American genus to be 
found in the United States. Trichoneura Anderss. is allied to LeptocUoa, 
differing in the much larger spikelets, the acuminate or awn-pointed glumes 
which equal or exceed the spikelet, the flattened bearded callus, and the 
bearded base of the rachilla- joint. 





442 


AMERICAN JOURNAL OF BOTANY 

Trichachne patens Swallen, sp. nov. 


[Vol. ig. 


Perennis , culmi erecti e basi srenicuiati an on om oUi 

mternodiis longiores. superiores papilloso-pilosae, infimae de’nfe pubeSntet^ 
ammae 5-15 cm. longae, 1-4 mm. latae, scabrae et pilosae SJula P , , " " ’ 
longa; pamcula 10-18 cm. longa, ramis scabris, rigidis, adscendentibus wl 

gluma secunda 3 mm. longa 3-nervis: lemma sterile 3 mm. longum =; nerves’ 
lemma fertile 3 mm. longum, acutum, minute puncticulato-sclbrum. ’ 
Perennial, culms tufted, erect, or sometimes geniculate at tlip 
nodes, 40-90 cm. tall, smooth, glabrous; sheaths longer than thp wer 

the lowermost densely velvety pubescent; blades 5-15 cm lon^ 
wide mostly 2 mm. wide), scabrous, especially the margins fiT 

Tit t ^ mm'; long! memraSo“f pa„£ 

® ®c^brous branches stiffly ascending when^vom? 
spreafflng when mature, comparatively few-flowered • soikelpt-c! Tci-o ?’ 

or paired, when m pairs one pedicel 1-2 mm. long the other 2 e rr^,^’ ® 

o 3 EgtL“ 5 a£: tt; 

Type in the U. S, National Herbarium, no. 927233, collected on drv 
g-airie near Lake Mitchell, San Antonio, Texas, June 18-24, 1910 by A^S 

Hitchcock (no. 5328) [“Amer. Gr. Nat. Herb. no. 294.”] ^ ^ ' 

Dry fields, prairies, and roadsides, Texas. San Antonio Hitchcorh 

”> Piper in 1906; Beeville 

(bIS] 1 T' ZluZlZZ Trichachne saccharata 

the ^ f Z' Z Z has a quite distinct appearance 

. P ^ lanches being stiffly ascending or spreading instead of appressed 
as m r. saccharata The spikelets differ in being less densely hairy^and in 

acute iiatr^n^S gradually narrowed to an 

acute, indurate tip, those of T. saccharata being obovate i-i i mm wide 

sfedes^tKft kt both 

species the fruit s daA brown and minutely striate-roughened. 
fruifwhi^-”" "ea<lhy distinguished from T. patens by the 

and^ ^ ^ 'I abruptly pointed, and by the usually larger 

branSeT"’ appressed or narrowly asLdfng 

Bureau of Plant Industry, 

Washington, D. C. 
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ANATOMICAL AND DEVELOPMENTAL STUDIES OF THE 
FOLIAR EMBRYOS OF BRYOPHYLLUM CALYCINUM^ 

John A. Yarbrough 

(Received for publication December 16, 1931) 

Introduction 

Morphological and anatomical studies of the leaves of Bryophyllum 
calycinum seem to have been somewhat neglected although much experi- 
mental physiological work has been done upon this plant. The ease with 
which its leaves give rise to plantlets explains its frequent use in so-called 
‘Regeneration” studies. Howe (6) and Beals (i) have recorded morpho- 
logical and anatomical data concerning these plantlets. Beals (i, p. 375) 
states that “regenerated” structures in Bryophyllum arise from the phloem 
cells of the vein near the notch of the leaf. She mentions in no connection 
any observations of the dormant meristem referred to by former writers, 
e.g., Sachs (17), Kerner and Oliver (9), and Kupfer (10), and which is 
normally present in the notches of all foliage leaves 2 mm. or more in length. 
Yet it seems obvious from her drawings (i, PI. 15) that she was dealing 
with normal, adult leaves of the plant. Nor is her conclusion verified by 
the work of Howe who states (6, p. 387) that the shoot primordium of the 
plantlet arises exogenously in the leaf notch from latent meristem and that 
the roots arise endogenously from a point which she did not determine. 
Howe recognizes the group of meristematic cells in the leaf notches of 
“very young leaves” although she does not give the exact size of such 
leaves. She also states (6, p. 389) that the young “bud” is definitely 
organized on an adult attached leaf and that the growth of well developed 
plantlets is possible upon such a leaf. 

Theories as to the causal factors involved in plantlet development upon 
the leaves of Bryophyllum have been presented by Sachs (17), Goebel (5) , 
McCallum (13, 14), Loeb (12), Child and Bellamy (4), Reed (16), Kakesita 
(8), and Mehrlich (15), but they have dealt very little with the morpho- 

1 Contribution from the Botanical Laboratory of the University of Oklahoma, N. S. 
no. 15. 

[The Journal for May (19: 385-442) was issued May 27, 1932.] 
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logical nature or the origin of the ^'regenerated” structures. On the other 
hand Kupfer (10) and Isbell (7) have pointed out that since meristem is 
present in the leaf notches of Bryophyllum, plantlet development therefrom 
cannot be properly termed "regeneration.” In view of such conflicting 
interpretations of the data and of the meaning of the term “regeneration,” 
a complete reexamination of the problem would seem desirable. 

The present work, therefore, is an attempt to relate plantlet production 
in Bryophyllum to the normal life history of the organism through a study 
of leaf development and structure. The results agree in general with those 
obtained by Howe, though several points of difference will appear in further 
discussion. No attempt has been made to investigate the causal factors 
involved in plantlet production since, in the writer’s opinion, more infor- 
mation is first of all needed regarding the complete developm.ental history 
of the plantlets in relation to the ontogeny and structure of the leaf which 
produces them. 

Materials and Methods 

Two large plants of Bryophyllum calycinum growing in the greenhouse 
of the Botany Department at the University of Oklahoma were used as a 
source of material. Leaves placed upon moist sand, leaves hung with the 
apices dipping in water, and small leaf segments, each including a notch 
and its associated dormant meristem, furnished an abundance of plantlets 
for study. In preparing slides for histological study, the usual method 
was employed as is outlined by Chamberlain (3). Safranin followed by 
Orange G was used successfully on paraffin sections of the succulent leaf 
tissue. 

For the studies of venation, leaves were placed in a saturated aqueous 
solution of chloral hydrate to which a few drops of i percent safranin in 
absolute alcohol were added. A dissecting binocular was employed for 
venation studies, early stages of leaf development, and early stages of 
plantlet development. 

In these studies sections were obtained from leaves as small as 2 mm. 
in length in which notches had just started to develop. The entire series 
investigated ranged from this size up to the adult leaves which were 10 cm. 
or more in length. Both the thin “summer” leaves and the thicker “win- 
ter” leaves 2 were studied, for there seemed to be some difference in the 
behavior of the two types. 

Results 

Organization of the Shoot System 

The stem of Bryophyllum is generally unbranched, although development 
of axillary buds may occasionally occur and thus produce short branches. 
Since the lower leaves are continually abscissing, the lower portion of the 

2 Leaves produced in the late spring and throughout the summer were considerably 
thinner than those produced in the winter. 
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stem is left naked. Axillary bud development rarely occurs on this leafless 
part of the stem. 

The leaves are opposite and decussate, although the first pair of leaves 
produced by a young plant may be displaced 2 or 3 mm. from each other. 
In some instances one may be abortive or entirely lacking. Foliage leaves 
formed early in the development of the shoot are always simple but later 
ones are compound with either three or five leaflets pinnately arranged. 
There seems to be little order in the sequence of appearance of these com- 
pound forms ; ternate leaves may appear above and below those with five 
leaflets. Frequently teratological forms are produced in which there are 
two or four leaflets, the terminal one being united with one of the neighboring 
lateral ones. The simple leaves were generally employed throughout this 
study. However, leaflets of the compound forms seemed to be equally 
capable of producing plantlets. 

The simple leaves and leaflets are ovate to elliptical in outline with a 
rounded base (PI. XXXVII, fig. 3). The margin of normal foliage leaves 
is crenate, the number of sinuses or notches being 20 to 22 in old leaves. 
The first two or four leaves produced in the growth of a plantlet have few 
notches, sometimes only two or three (fig. i). The bracts of the inflo- 
rescence also show a reduction in the number of sinuses as well as in size, 
the uppermost ones being reduced to a lanceolate structure with an entire 
margin (fig. 4). 

Anatomy of the Leaf 

An anatomical study of the foliage leaf of Bryophyllum indicates that 
it possesses a relatively simple structure (PL XXXVIII, fig. 14). Aside 
from the two epidermal layers and the ramifying veins, the bulk of the leaf 
is made up of large parenchymatous cells abundantly supplied with chloro- 
plasts. There is no differentiation into palisade and spongy parenchyma. 

The mesophyll of mature leaves consists of large, thin-walled cells 
which have no regular arrangement. This region is, however, about nine 
cells in width. The cells of this mesophyll are very closely packed, almost 
eliminating intercellular space. Small air chambers appear in the mesophyll 
near the stomata but are much reduced. 

Investigations of “winter” and “summer” leaves disclosed that each 
type contained approximately the same number of cells in cross section 
but that the “winter” leaves measured 2500 micra in thickness and the 
thinner “summer” leaves only 560 micra. Individual cells of the thick 
leaves averaged 300 micra in diameter and cells of the thin type about 
60 micra. Thus it is clear that the difference in leaf thickness is due to 
cell size and not to cell number. 

A pigment, identified by the writer as one of the anthocyanins, is found 
scattered throughout the cells of the leaf, most abundantly just under the 
epidermis and in the notches of the older leaves. 



446 


AMERICAN JOURNAL OF BOTANY 


[Vol. 


19. 


Ontogeny of the Foliage Leaf 

A study of leaf ontogeny revealed nothing strikingly unusual. The 
eaf pnmordia arise in decussate fashion as minute papillae upon the 
conical growing point (PI. XXXVII, fig. 5). The plastochron in this ca^ 
IS quite lonp thus considerable differentiation of tissues and maturity of 
one pair of leaves occur before the next pair appear on the growing point 
As the pnmordia develop, marginal growth becomes more pronounced 
formation of the two wings of the lamina. Coincident 
with the development of the wings of the lamina there is the appearance 
of crenations in the leaf margin which develop in a basipetal direction 
(fig. 6). It is clear that the crenations appear very early in leaf ontogeny 
even upon leaves 2 or 3 mm. long (figs. 6 and 8). Continued expansiL oi 
e wings of the lamina and its rapid elongation bring the leaf blade into 
the adult condition (fig. 3). The petiole develops from the lower portion 
e leaf primordium as a result of an increase in diameter and the failure 
ifdXlte marginal growth, its demarcation at early stages being rather 

Origin of the Foliar Embryos 

Serial sections through leaf primordia in which crenations have not 
appeared give no indication of meristem except at the margins where the 
wings of the lamina are being built up. Tangential sections (cut parallel 
with the ventral leaf surface) through very young leaves 2 or 3 mm long 
however, disclose a patch of meristem in the sinus of each crenation. Many 
such sections have yielded meristematic masses of various degrees of 
comp exity or size, and a study of these shows that the development of the 
theTear"''"“ '' correlated with the development of the notch 

In the early stages of formation, this meristem consists of only two or 
three tiers of cells (PI. XXXVIII, fig. 9). As leaf growth contrues 

oldTeTyes^rs continues so that in 

oLrs Ifi V itl ^ M 7 aggregation of meristematic cells 

( g. 5 ). Even in old leaves the outermost layer of cells composing 

der77r' f r meristematic in character and forms the 

dermatogeno future primordia if they develop. In the region of the notch 

ell^rr, meristematic dermatogen 

SLrd wffh ^ 5 ). This is in 

thatTWsmlri^^ it was found 

fost tto ^ 7 f n of he notch had developed a stem primordium and the 

wre uTual V e Tr . m^tials 

connection of Tht \ indication of vascular 

nnection of the notch meristem with the underlying vein. As a rule 
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further development of these primordia does not occur while the leaf is 
attached, though it is possible for attached leaves to bear plantlets with 
well developed shoots and roots. wSuch growth occurred upon plants which 
were regularly watered and in a moist atmosphere. Similar observations 
have been made by Howe (6), Braun (2), Reed (16), and Mehrlich (15). 

Roots do not ordinarily make their appearance until the leaf has been 
detached from the plant and growth of the notch meristem stimulated. 
They are quickly organized, however, and become macroscopically evident 
within about four days. Sections through leaves that have been removed 
from the parent plant for a day or two reveal the organization of roots 
just below and lateral to the meristematic mass forming the shoot pri- 
mordium (fig. 7). The young roots push their way out through the sur- 
rounding parenchyma cells, at the same time establishing vascular con- 
nection with the near-by vein. Coincident with this, mitotic activity has 
been renewed in the region of the shoot primordium, establishing vascular 
connection with the underlying vein. Thus a considerable mass of cells is 
concerned in the development of the new root and shoot. Other roots 
make their appearance soon after the first one, taking their origin from the 
same general region, f.e., the active mass of cells just below the developing 
shoot. 

It is this regular appearance of meristem in the notches of the leaves of 
Bryophyllum and its tendency to give rise to both shoot and root that 
seem to justify the use of the term “foliar embryo.” The terms “bud,” 
“foliar bud,” and “epiphyllous bud” seem hardly applicable when one is 
dealing with rudiments of roots as well as of shoots. Howe (6) did not 
determine the exact origin of the first root but states (6, p. 388) that it 
arises “somewhere near the vein.” When it is remembered that the 
meristem of the notch is, in mature leaves, a considerable mass of cells 
reaching nearly to the vein, it seems best to regard the first root at least 
as a fundamental part of that meristem, i.e,, the foliar embryo. 

Development of Plantlets upon Leaves 

The normal stimulus for plantlet development is detachment of the leaf 
from the plant, though, a variety of stimuli have produced such results 
according to the work of Child and Bellamy (4), Reed (16), Kakesita (8), 
and Mehrlich (15). Kakesita’s work indicates that the stimulus causing 
plantlet development upon detached leaves is the intramolecular or anaer- 
obic respiration occurring there. He obtained plantlet development upon 
normal attached leaves by injecting into them the compounds known to 
be formed by intramolecular respiration, while controls injected with pure 
water showed no such development. 

The recent work of Mehrlich casts much doubt upon the conclusions 
reached by Kakesita as well as those of other earlier workers. Mehrlich 
attributes the development of plantlets not to a single cause but rather to 
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the complex interaction of many factors. Though a rather unsatisfying 
one, such a position would seem to be best in view of the conflicting results 
of so many investigators. 

It has been shown by other workers that leaves with the foliar embryos 
removed will exhibit no plantlet development. The writer found no 
exceptions to this observation. Yet it was thought that if foliar embryos 
were removed from very young leaves while attached to the plant, there 
might occur a replacement of these structures. A hot needle was used to 
destroy the foliar embryos on several attached leaves 1-3 cms. long. The 
plants to which these leaves were attached continued normal growth, yet 
there was no replacement of foliar embryos upon the leaves. Callus 
formation only was observed at the places of injury. In none of these cases 
were the ordinary tissues of the leaf seen to produce either roots or shoots. 
Their production in the case of Bryophyllum seems to be dependent entirely 
upon the foliar embryos, a fact again emphasizing the intimate relationship 
of the development of plantlets to the normal ontogeny of the foliage leaf. 

The Apex Patch 

A study of the venation of Bryophyllum leaves cleared in the manner 
already indicated reveals one of the most interesting problems of the 
present investigation, namely, the presence in each crenation of the leaf 
of a patch of cells completely surrounded by vascular elements. Their 
appearance under the dissecting binocular is that of dark patches or spots, 
more or less triangular in outline (fig. 2). These cell patches are to be 
distinguished from the foliar embryos which lie in the sinuses of the leaf. 
Tangential and cross sections through the leaf reveal that the cells of these 
peculiar patches are small and closely packed, possessing prominent nuclei 
(figs. 10 and 13). Anastomosing veins completely surround this mass of 
cells. In mature leaves, at least, there are several layers of parenchyma 
between this patch and the epidermis of the leaf. The youngest leaves 
examined possessed these structures in essentially the same form as found 
in adult leaves. 

There is thus definite correlation between the appearance of these cell 
patches in the leaf and the development of notches (figs, i and 2). It is 
also of interest to note that these patches of meristematic-like cells have 
been found associated with the crenations of the floral bracts. Their 
presence in the apex of each crenation of normal foliage leaves and bracts 
has led the writer to apply the term “apex patch” to them in the absence 
of further knowledge concerning them. 

Experiments were conducted to determine what role these apex patches 
might play in the development of the foliar embryos of the leaf. Their 
removal from the leaf did not inhibit plantlet development though it did 
seem to reduce somewhat the vigor of their growth. The severance- of 
vascular connections by the razor may in this case explain the reduction of 
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vigor. Under no conditions was it possible to secure growth of any sort 
(except callus formation) from the cells of the apex patch, though they 
clearly appear to be meristematic in character. Their significance, if any, 
must constitute for the present an unsolved problem. 

Discussion 

That the production of foliar embryos is a perfectly normal process in 
the history of development of the leaf in Bryophyllum cannot be too strongly 
emphasized. Their presence is in no sense unusual from the standpoint of 
the life of this particular organism, however rare it may be within the plant 
kingdom as a whole. The results of the present study indicate that as the. 
wings of the laminae expand there is a tendency for a small group of mar- 
ginal meristem to be set off or left behind in the development of the notch. 
Although it has not been possible to trace the foliar embryos back to a one 
or two celled stage, it seems unlikely that they arise as direct descendants 
of dermatogen cells. In the very early stage of leaf development in which 
they are laid down, inner tiers of cells as well as the dermatogen itself are 
meristematic and probably enter into the formation of the meristematic 
mass (fig. 9). These cells remain in an embryonic condition despite the 
maturation and differentiation of the neighboring cells and, as the leaf 
matures, build up primordia which may remain dormant for a considerable 
period or may produce a new plant if the proper conditions are brought 
about. 

In view of these facts it would seem that to apply the term '‘regener- 
ation ” to plantlet production upon the leaves of Bryophyllum would be to 
misuse it or at least to extend it to the point of vagueness. It is true 
that there exists a wide variety of opinions as to the use of the term ‘ ‘ re- 
generation” among plants. Some would restrict the term to those cases 
where as a result of injury or loss organs are formed which are identical or 
nearly so with those removed, e,g., N^mec, Pfeffer, and Prantl. On the 
other hand, Vochting, Goebel, Klebs, and Morgan use the term “regenera- 
tion” to include a much wider variety of phenomena, even the development 
of latent meristems present before injury or treatment. It would seem, 
as Isbell (7) points out, that a more consistent view is that expressed by 
Kupfer (10, p. 196) who says “regeneration ought to be limited to those 
cases in which an organ is formed, de novo, at a place or under conditions 
in which it would not normally be found.” This definition clearly excludes 
all cases in which preformed rudiments can be detected. It is this dis- 
tinction which seems to the writer most reasonable and most likely to 
meet with a certain measure of success when applied to the various examples 
of so-called regeneration in question. The writer thus suggests that the 
term “regeneration,” at least with reference to plants, should be reserved 
for those eases in which new organs are formed, de novo, apart from the 
action of any preformed meristem and at places where they would not 
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normally be found in the life history of the organism. Under this interpre- 
tation it is clear that plantlets produced upon the leaves of Bryophyllum 
do not come within the category of regenerated structures. 

Since the meristem in the notches of Bryophyllum leaves clearly forms 
a shoot primordium and since roots may also arise from the inner, basal 
part of this same cell mass, it seems that the condition may be more clearly 
expressed by the use of the term '‘foliar embryo” than by the term “bud.” 
While it is evident that this foliar embryo may not be homologized with 
embryos of seeds which are the result of the fusion of gametes and the 
development of the zygote, the two structures are potentially the same and 
it is in this sense only that the term “embryo” is suggested to apply to the 
meristematic cell masses in the notches of Bryophyllum leaves. The 
analogy appears to be a safe one, especially when it is remembered that the 
foliar embryo furnishes the most effective means for both the natural and 
artificial propagation of Bryophyllum. 

It is of interest to note in this connection what LeMaout and Decaisne 
(ii, p. 708) say of the “buds” on the leaves of Bryophyllum “whose leaf 
produces buds furnished with root, stem, and leaves at the extremities of 
its lateral nerves. These buds, which spontaneously fall off, and root in 
the earth, may be likened to embryos that do not need to be fertilized before 
developing and the leaf of Bryophyllum may be regarded as an open carpel, 
on which the seeds have been developed by nutntive action alone. This 
fecundity of Bryophyllum completes the analogy between the true bud 
and the fertilized embryo.” Although this early statement of the case 
shows clearly the influence of speculative philosophy, there is indeed a 
portion of truth contained therein. 

Although it is impossible at present to draw any conclusion regarding 
the function or significance of the apex patches, their presence must be 
recognized and dealt with in the interpretation of the morphology of the 
Bryophyllum leaf. Their occurrence in at least one other species of the 
genus has recently been determined, namely, Bryophyllum crenatum. No 
account of such structures in leaves of other plants has been found, so at 
present they seem to represent an anomaly. 

When the intimate relation of foliar embryos to the normal develop- 
mental history of the leaf of Bryophyllum is appreciated, it appears that the 
physiological work previously done attacks the problem from the wrong 
standpoint. In place of determining why plantlets develop upon detached 
or otherwise experimentally controlled leaves, it would rather be in order, 
as Mehrlich (15) intimates, to determine why plantlets do not develop 
upon normal, attached, actively functioning leaves. The meristematic 
cells destined from early leaf ontogeny for the production of root and 
shoot primordia are arrested in their development upon the normal foliage 
leaf. It seems that this arrest in normal development represents the 
significant problem to be studied from a “causal” standpoint. 
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Though it is clear that anatomical and developmental studies do not 
furnish explanations of why certain phenomena occur, it is equally clear 
that they furnish a very necessary basis for the explanations of cause. 
Whatever may be the nature of the stimulus or stimuli which either limit 
or encourage active division of the meristematic cells composing the foliar 
embryos found in Bryophyllum, their action must be conditioned upon the 
nature of the foliar embryo, its origin, and developmental history.^ 

Summary 

1. The foliage leaves of Bryophyllum calycinum readily develop roots and 
shoots in their notches and present an interesting problem in so-called 
plant regeneration. 

2. Foliage leaf primordia arise decussately at the growing point. Crena- 
tions which develop basipetally appear when the primordia are about 
2 mm. long. The base of the primordium develops into the petiole. 

3. The mesophyll of the leaf is composed of large, globose parenchyma 
with little intercellular space. No palisade and spongy layers are found. 

4. Meristem cells appear in the leaf notches coincident with their 
formation and build up foliar embryos upon adult leaves. The foliar 
embryos early exhibit a shoot primordium and later may produce roots. 

5. Foliar embryos occur in all notches of foliage leaves and in many 
bracts of the inflorescence. 

6. Plantlet growth upon the leaf was secured only from uninjured foliar 
embryos. Roots arose from the inner portion of the foliar embryo and 
pushed their way through the surrounding parenchyma. Roots appeared 
in about four days. The shoot appeared shortly afterward, arising from 
the latent primordium. 

7. A patch of meristem-like cells is early set apart in the apex of the 
leaf crenations. This apex patch, completely surrounded by vascular 
elements, is apparently unrelated to the foliar embryo of the notch. No 
primordia arose from the apex patch, nor did its absence or presence influence 
to any great extent the development of the foliar embryos. 

8. The term ‘‘regeneration’’ does not seem to apply to the production 
of epiphyllous plantlets in Bryophyllum since latent meristem is always 
present in the leaf notches. 

9. The real physiological problem seems to be the determination of the 
factors causing arrest of foliar embryo development rather than its initiation. 

of acceptance of this article for publication there appeared in the 
January number of this Journal (Amer. Jour. Bot. 19: 32-40. 1932) a paper by Naylor 

npoxi Bryophyllum which agrees in many respects with the findings herein described. 
He does, however, accept the term ‘‘regeneration” as applied to Bryophyllum and also 
describes a “ foot ” in connection with the foliar meristems. A little earlier there appeared 
a preliminary announcement by the writer (Science 75: 84-85. Jan. i5j 1932) of his work 
on Bryophyllum. This article stressed the importance of the regular appearance of the 
dormant meristem in the leaves, termed then ‘‘ foliar embryos,” and called attention to the 
difficulty of applying the term “ regeneration ” to this phenomenon. 
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EXPLANATION OF PLATES 

Cell contents are not shown except for anthocyanin pigment and nuclei of dormant 
meristem and growing points. Sketches of venation show only the most important veins 
of the leaf. On account of greater reduction than was intended, the magnification is slightly 
less than that indicated. The following abbreviations are employed throughout: A.P.^ 
apex patch. Ep.^ epidermis. An., anthocyanin. U.Ep., upper epidermis. L.Ep., lower 
epidermis. 

Plate XXXVII 

Fig. I. Venation sketch of one of the primary leaves of a plantlet showing two 
notches and the two apex patches associated with them. Note the absence of apex patches 
in the region where crenations do not appear. X 12. 

Fig. 2. Venation sketch of one of normal foliage leaves of plantlet showing many 
notches and relation of main veins and apex patches to them. X 9. 

Fig, 3. Outline sketch of normal, adult foliage leaf showing form and crenations. 

X i. 





xxvill. 





June, 1932] 


YARBROUGH — BRYOPHYLLUM 


453 


Fig. 4. Outline sketch of bracts commonly found in the inflorescences, that on the 
left being at the top and those to the right being found successively farther down the axis. 
Note the progressive elimination of crenations and disappearance of the petiolar portion 
in ascending the series. X h 

Fig. 5. Sketch showing side view of growing point of stem of young plantlet. Pri- 
mordia are 500 /j, long and apex is 400 fi wide at level of growing point. 

Fig. 6. Sketch of older leaf primordia. Note the basipetal development of crena- 
tions and wing development of the primordia. Each primordium is 2000 /x long and 750 p 
wide. 

Fig. 7. Cross section of mature leaf through developing embryo showing organization 
of first root primordium and resumption of cell division in the region of the shoot primor- 
dium. X 90. 

Fig. 8. Sketch of leaves 3000 p long and 1500 p wide, showing further development 
of crenations and further growth of wing margins. 

Plate XXXVIII 

Fig. 9. Tangential section through notch of young leaf about 2 mm. long showing 
appearance of meristem which builds up the foliar embryo. X 330. 

Fig. 10. Tangential section of normal foliage leaf through the apex patch showing 
its relation to the vascular system and to the leaf margin. X 250. 

Fig. II. Cross section through normal foliage leaf taken at the level a-a' in figure 12. 
Note the organization of primordia in the foliar embryo of the notch. X 115. 

Fig. 12. Outline sketch of small portion of normal foliage leaf showing two notches 
and giving levels of sections made in figures ii, 13, and 14. X 4. 

Fig. 13. Cross section through normal foliage leaf (6 cm. long) taken at the level 
c-c' in figure 12 showing cross section view of apex patch. X 78. 

Fig. 14. Cross section through normal foliage leaf (10 cm. long) taken at the level 
b-b' in figure 12 showing normal anatomy of leaf. X 78. 

Fig. 15. Tangential section through notch upon leaf 3-4 mm. long showing large 
mass of meristem composing foliar embryo. Compare with figure ii which is a cross 
section of foliar embryo at about the same stage of development. X 125. 



NOTES ON THE GENUS ANABAENOPSIS 

Wm. Randolph Taylor 
(Received for publication December i6, 1931) ^ 

Introduction 

Two years ago there were sent to the writer for study, through the 
kindness of Dr. Eduardo Quisumbing of the Bureau of Science, Manila, 
P. L, a few samples of phytoplankton. While some of the material has 
not proven of notable character, two samples showed representatives of 
the relatively recently recognized genus Anabaenopsis (Woloszyhska) V. 
Miller (7, 10), not attributed to the Philippines, and so worthy of special 
ttention. 

The material for both samples came from Sampaloe Lake, in the town 
of San Pablo, Laguna Province, Luzon Island, in 1929. One sample, from 
the open lake, contained what appeared to be two similar species of short 
filaments; the other had scattered filaments of these species but was domi- 
nated by a third which formed helixes of considerable length. They are 
reported to appear as abundant autumnal waterbloom at intervals of 3--4 
years, producing a very offensive odor. 

Several species of Anabaenopsis have been described: A. tanganyikae 
(G. S. West) V. Miller and A. circularis (G. S. West) V. Miller from Africa 
(7, 9); A, circularis var. javanica (Wolos.) Elenkin and A. Raciborskii 
(Wolos.) Elenkin from Java (3, 10); A. Elenkinii V. Miller, A. Arnoldii 
Aptek,, and A. Arnoldii var. recta Roll from Russia (i, 7, 8) ; and attributed 
to this genus also A. hispanica Gonz.-Guerr., A. hispanica var. luteola 
Gonz.-Guerr., and A. Cuatrecasasii Gonz.-Guerr. from Spain and Morocco 
(5, 6, 6a). The geographical range of the genus is seen to be wide. The 
general concept seems to call for a truly phytoplankton organism with rather 
rigid trichome, straight or curved increasingly to a helix of varying char- 
acter ; heterocysts occur at each end of the trichome and the relatively smooth 
spores are spherical or oval and generally remote from the heterocysts in po- 
sition, The species A . hispanica and A . Cuatrecasasii depart somewhat from 
the sharp genus concept in that they have flexuous trichomes with spores, 
in one case spiny, adjacent to the heterocysts and apparently are not truly 
phytoplankton organisms. They are reminiscent of the plants which 
K. M. Drew (2) reported, she considering that hers were well known species 
oi Cylindrospermum vfxth and sometimes adjacent spores, at 

both ends of the trichomes. The Spanish plants do not urgently concern 
us, since they do not resemble the Philippine plants, so they will not be 
^ Papers from the Department of Botany, University of Michigan, No. 360. 
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considered further here. The remainder fall naturally into two groups: 
in one the trichomes are relatively short, straight or in 1-3 coils, and sharply 
contracted at the cell ends or moniliform, with short rounded heterocysts; 
this includes A. circularise A. Elenkinii and A. Arnoldii. The others, 
uA. tanganyikae and A. Raciborskii, have longer or more extensively coiled 
trichomes little or not constricted, and with oval or elongated heterocysts. 
Both of these groups are represented in Africa, in Java, and in the Philippines. 
The finding of three forms in Sampaloc Lake, and the resemblance of two 
of these to Tanganyika species, necessarily led to a consideration of the 
exact morphology of the original African types. Through the great kindness 
of Professor F. E. Fritsch portions of three original samples were secured 
from Dr. W. A. Cunnington for study by the writer. Material of Anahae- 
nopsis circularis {Anabaena flos-aquae var. circularis G. S. West) was 
sufficiently abundant in two of these, and the writer was able to come to a 
definite opinion respecting that species. Less information was secured 
regarding Anabaenopsis tanganyikae {Anabaena tanganyikae G. S. West), 
as trichomes were excessively rare. 

A close inspection of the figures given by West (9, PL 10, figs, 2 a-e) 
of his Anabaena flos-aquae var. circularis may well awaken suspicion as to 
the specific unity of the material with which he was dealing. Figure 26 
has markedly compressed-spherical cells of greater diameter than shown 
by the other figures, where the cells, except after division, are much longer. 
Then one notes that figures 2a and 2 c have rounded heterocysts while 
those of 2d and 2e have oval ones. These are all features of diagnostic 
value in the Nostocaceae, and considerable variability within a species 
calls for careful explanation. West’s description of his new variety allows 
for the variation in shape of .the vegetative cells and for considerable varia- 
tion in diameter of the heterocyst, but is so brief, and the figures are so few 
and so small, that only a careful re-examination of the original material 
could set at rest the doubts awakened by the Philippine associations of 
species and encouraged by the variations in the figures cited. 

It appears that, of the three Anabaenopses in the Philippine material, 
one (resembling A . tanganyikae) is not to concern us immediately. The 
other two rather resembled, the one figures 2a and 2c of West, and the 
Other figure 2b. As the writer had satisfied himself that these two Philip- 
pine species were distinct, and had prepared diagnoses of them with 
what appeared to be satisfactorily contrasted characters, the differences 
between West’s figures impressed him sharply immediately he attempted 
to decide which of the Philippine plants should be identified with the 
Tanganyika species. It was obvious that, if different, both could not be 
identified with West’s concept, and even if that with longer cells was 
cdiWtd A. circularis and the other A, circularis var. javanica, no stable 
decision had been reached, because of the variation between West’s figures, 
for the differences between them were greater than those between his 
figure 26 and the characters of the Javanese variety. 

31 ,', 
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African Material 

Selecting the Tanganyika material from station 160 (Chamaluki, 15 
Nov, 1904) as most abundant, a very careful series of drawings was made 
of all types of trichomes referable to Anahaenopsis ^ in the formalin pre- 
servative accompanying them. At first trouble was anticipated in quickly 
distinguishing Anahaena flos-aquae and the variety circularise sensu West’s 
figure 2b e but it was soon found that the more compressed cells, paired 
young intercalary heterocysts, and differences in diameter sufficiently 
facilitated recognition. The preliminary drawings sorted out readily into 
three classes as suggested by the groups under West’s figure 2, and suites 
of measurements and further drawings were made. The two other samples 
confirmed the observations made on that from station 160. As a result 
three plants may be defined : 

Anabaenopsis circularis (G. S. West) V. Miller emend. (PI. XXXIX, 
figs. 5-10). 

Trichomes short, curved into a nearly complete circle or coiled into a 
short spiral of i-i| rarely (and usually just before fragmentation between 
two young heterocysts) 2 or 3 turns of 40-50 fx in diameter ; trichomes 
4*7“(5-j) M in diameter, cells cylindrical or slightly barrel-shaped 
with moderately rounded ends, compressed at plane of contact, generally 
about 7.5 ju (1.4 diameters) long, but reaching 10.6 in average maximum 
length; color of contents indeterminable, texture slightly granular; hetero- 
cysts terminal at both ends of the trichome, slightly elongated, granule 
srnall but usually visible, diameter of heterocyst 5.6-(b.5)-7.5 ju, length 
6.5-(7 .j)- 8.4 /X (ratio i : 1.09), pale straw-colored or colorless; spores not 
seen. 

This is associated with West’s original varietal name, first because it 
alone is in close conformity with the measurements for trichome and 
heterocysts which he specifies, and second because it was the most abundant 
of the three forms, in so far as the samples in the writer’s hands were 
concerned. As it seems necessary to designate one of them as the type of 
Anabaenopsis circ^tlaris {Anabaena flos-aquae var. circularis) this is, for the 
reasons given, the one selected. It is unfortunate that his measurements 
alone can be used to guide in the selection, but his description of cell form 
and selection of figures was apparently carefully prepared to cover all types. 
West’s figures 2a and 2c seem to correspond to this description. Upon 
comparison with A. Elenkinii we find few features which can be cited in 
distinction from the Russian plant. Miller (7) offers characters which give 
little in trichome diameter or length to distinguish between them, but the 
cell shapes differ. In the heterocysts we have a difference also, namely 
that those in ^ 4 . Elenkinii are spherical and perhaps a bit smaller on the 
average than the slightly oval ones of A . circularis. 

^ Where measurements are given thus; 4.7-(5.j)'-6.5: the middle italicized figure 
represents an average from several measurements, and ratios are calculated, when given, 
between the average length and breadth figures. 

i 
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ANxA.baenopsis Cunniagtonii n.sp. (PL XXXIX, figs. 1-4). 

Trichomes short, 110-333^ or probably somewhat longer, averaging 
about 165 jjL, straight or occasionally curved; trichomes 2.2"(j.b)~3.8 ju in 
diameter, cells cylindrical or slightly barrel-shaped with moderately rounded 
ends compressed at plane of contact, generally about ii.o (3-4 diameters) 
long, but reaching 16.4 /x in average maximum length before division; 
color of contents indeterminable, texture slightly granular; heterocysts 
terminal at both ends of the trichome, oval or slightly obovate, somewhat 
flattened at contact with the trichome and usually with visible granule, 
4-7“~(5*^)~6.6 Id in diameter, 6.6-(7.p)-io.3 fi long (ratio of i : 1.36) ; trichome 
segments quickly separating with sufficient maturation of the heterocysts, 
which are formed in pairs; spores not seen. 

This species is distinguished from the preceding by its straight trichomes 
with longer cells and more oval heterocysts. Except for these features it 
would be much harder to distinguish from A. circularis than either from 
the following type. Only with misgiving has the writer assigned any 
curved filaments to this species ; care should be taken in measuring hetero- 
cysts not to measure the rounder shrunken content rather than the longer 
firm but hyaline wall. West’s figure 2e (and possibly 2d) corresponds to 
this description. 

Anabaenopsis Arnoldii Aptek., fa. (African form) (PL XXXIX, figs. 

11-14). 

Trichomes short, curved to 270° or a complete circle, or into a spiral of 
i-i|, rarely to 3 turns of 50-65 id in diameter; trichomes 7.i-(y.7)-8.5 
in diameter, cells compressed spherical to short barrel-shaped before 
division, length generally somewhat shorter than the diameter but from 
incidence of cells soon to divide averaging 8.3 /z long; color indeterminable, 
texture obscurely but coarsely granular; heterocysts subspherical, with thin 
membrane and granule at base, 6.6-(p.5)-io.3 /z in diameter 8.5-(p.4)-io.3 id 
long (ratio i : 0.96) ; trichome segments soon separating between the paired 
young heterocysts ; spores not seen. 

This is the most easily distinguished of the three species the writer 
believes were confused in the original Anabaena flos-aquae var. circularis, 
by reason of its large, nearly round cells and heterocysts. It is very close 
to Anabaenopsis Arnoldii, differing in having shorter coils of trichome and 
larger, spherical rather than short oval heterocysts at maturity. Neither 
of these is enough to justify specific, and probably not even varietal, 
separation, nor does the difference in diameter of the coils greatly signify. 
The variety recta of A. Arnoldii is somewhat smaller than the type, as well 
as Straighten , and otherwise as well as in its straightness differs more from 
it than does the Tanganyika plant described above. The writer would 
associate West’s figure 2b with this species. 

Aptekarj (i) stresses the paired intercalary heterocysts seen in his 
plant as a feature to distinguish it from the other Anabaenopsis species; 
this is not a character that can be thus applied. It appears that, in Anabae- 
nopsis, the heterocysts are formed in pairs by the unequal subdivision of 
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two vegetative cells, each cutting off a smaller portion on the adjoining 
ends. These two portions then enlarge and mature in contact into the 
characteristic heterocysts of the species. Ordinary division of vegetative 
cells occurs near the middle of the parent cell. Formation of heterocysts 
is well shown in A. Cunningtonii (PI. XXXIX, figs, i, 4), in A. circularis 
(PI. XXXIX, figs. 6, 8, 10, 9, 5), in A. Arnoldii fa. (PI. XXXIX, figs, ii, 
12, 14), and the well known constrictive cell division in many of the figures. 
This is not a new observation (i). 

If, now, the Javanese A. circularis var. javanica be compared with A. 
Arnoldii, it will be seen that in form of cells and in size it is more closely 
related to that species than to A, circularis in the restricted sense. In fact, 
if A, Arnoldii be maintained distinct from A. circularis, so must be the 
Javanese plant. On comparison of the measurements of these two (2I. 
Arnoldii and the var. javanica), it will be seen that the vegetative cell 
characters will hardly serve to distinguish them, and only the heterocyst 
size, particularly in that the heterocysts are smaller or larger than the 
average trichome diameter, serve to separate them. Consequently, it 
seems more in conformity with the obvious morphological similarities to 
associate with A. Arnoldii the variety jamwfca (Woios.) n. comb., which 
differs from the species in having slightly more slender trichomes, smaller 
heterocysts and larger spores. 

Finally, referring to the character which West uses, of the single large 
“pseudovacuole” in the vegetative cells of his plants, the writer would 
report having seen these structures, and would doubt, from the inconstancy 
of their position, size, number and even presence, that they are sufficiently 
reliable to afford a good diagnostic character. Most frequently they are 
indeed single, but occur to 5 or more in a cell, and as now observed after 
over 25 years in formaldehyde, do not present the aspect of pseudovacuoles. 

Philippine Material 

Turning now to the Philippine material, supplied to the writer dried 
on glass slips, and studied in distilled water, the most striking of the forms 
from Sampaloc Lake is to be described as new under the name: 

Anabaenopsis philippinensis n.sp. (PI. XL, figs. 1-7). 

Trichomes elongated, spirally coiled in few to generally several (8-12) 
turns, of 12-25 M ffi diameter, or very long and becoming loosely to closely 
entangled, when some parts usually retain a spiral disposition; diameter of 
trichomes i.9~(j.j)~3.8 /x, fairly uniform; cylindrical cells faintly or gen- 
erally not constricted at the ends, the septa very indistinct, but length at 
least twice the diameter; contents very pale bluish-green, very slightly 
granular, without pseudovacuoles; heterocysts terminal at each end of the 
trichome, 2.6 “(j. 5)-3. 8 M in diameter, ^ long (ratio i : 2.7), 

rounded conical, tapering from close to the base towards the rounded 
apex, straight to more often asymmetrical or curved, the membrane very 
pale straw-colored, thin, hardly thickened even at the juncture with the 
trichome, and basal granule absent; spores not seen. 
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From the richness of the dried mount, this plant apparently was not as 
abundant as the other two species, and was found more along the shore 
than in the open water. Plate XL, figures 1-7, shows its characteristics 
adequately; the more involved tangles of the very long trichomes, or 
chains of trichomes, were not drawn, but transitions from regular coils 
(figs. I, 4) toward less regular, loose loops (figs. 3, 5) are shown. Except 
semidiagrammatically in figure i , no attempt was made to show the position 
of the septa, which were ill defined. The curved heterocysts show best in 
figures 2 and 7. This plant falls into the group with A. tanganyikae and 
A. Racihorskii. Its elongated heterocysts distinguish it at once from the 
former, and relate it to the Javanese A, Racihorskii. However, they 
greatly exceed those of the latter species (which are 2. 0-2. 5 in diameter 
and 5-6 IX long) since they reach a length of 13.2 jx and also are curved. 
The trichome, however, is but a little more slender, contrasting its I.9--3.8 }x 
with the 4.0 IX oi A. Racihorskii, which would be slight difference were it 
not associated with that between the highly coiled trichomes of A. philips 
pinensis and the straight or sparingly coiled trichomes of the Javanese 
plant. In view of what we know of the two collections, it is clearly desirable 
to treat the Philippine plant as distinct from its more southern relative, 
and from the African species. Respecting the latter, however, it may be 
noted that in a single trichome seem by the writer, the heterocysts were 5.5 
and 6.0 }x long, and 2.0 and 2.5 in diameter, somewhat more slender than 
West (9) cites; the trichome was 2.0-2. 5 ix in diameter, and the cells seem- 
ingly much longer than described; but the walls were indistinct. 

Out in the central portions of Sampaloc Lake the phytoplankton was 
quite different, though still of Anahaenopsis. At first the writer was 
puzzled to account for the variability of the trichomes, but he finally decided 
that two organisms were intermixed. Of these the first in abundance is 
recognized as: 

Anabaenopsis Arnoldii Aptek. /a. (Philippine form) (PL XL, figs. 16-22). 

Trichomes short, rarely straight or arcuate, usually coiled in i, rarely 2 
.flat or spiral turns of 30-65 fx diameter; the nearly moniliform trichomes 
7.5~(<^.7)-9.4 IX in diameter, cells truncate spherical to truncate oval, equal 
or a little shorter or longer than broad, to decidedly longer just before 
division ; contents pale blue-green, distinctly granulate, with pseudovacuoles ; 
heterocysts terminal at both ends of the trichome, truncate spherical to 
slightly truncate ovoid, 5.6-(7.p)-9.8 fx in diameter, 7.5-(7.p)-9.4 m long 
(ratio I : i), nearly colorless, the wall firm, moderately thickened especially 
on the distinctly flattened end of contact with the trichome, but no granule 
in evidence; spores intercalary, not seen close to the heterocyst, quickly 
isolated by fracture of the trichorne on one or both sides of the spherical 
or generally oval spore, 8.1-12.0 /x in diameter, 12.0-16.0 long, wall 
smooth, rather thin, colorless or faintly straw-colored. 

This Anahaenopsis was very abundant, and the most richly represented 
of the three, judging from the heavily strewn mount. Its relatives are 
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A . Elenkinii, A , circularis and A . Arnoldii. The shape of the cells associates 
it inescapably with the latter species. On comparison of the measurements, 
it will be found that the plants of the present material show trichomes 
which probably exceed the type of A. Arnoldii in average diameter, and on 
the whole seem to have somewhat longer cells ; the var. javanica and the 
African representative show more slender trichomes, the former seeming 
somewhat less deeply constricted. Taking the heterocysts, we find that 
they are probably on the average larger than the type and, by definition, 
larger than var. javanica, but notably smaller than the African form. 
Taking the spores, we find that those of the Philippine plant are intermediate 
between the type and the var. javanica, but relatively more slender. Other 
and minor differences, such as apparent absence of basal heterocyst granules, 
could be noted, but the writer is inclined to consider all of the differences of 
quite secondary specific value, and the establishment of varieties premature. 
In Plate XL figures 16-22 represent the Philippine form. In figure 17 
at the lower portion the trichome is probably in process of division, and 
about to form a pair of heterocysts. It appears that the daughter trichomes 
separate promptly in this material, but the unequal size of the heterocysts 
on the two ends of several of the trichomes (figs. 17, 20) probably is to be 
recognized as indicating unequal age. Spores are shown in figures 21, 22, 
and are generally isolated by breaking of the trichome from one or both 
sides. The writer does not consider that they are ordinarily formed termi- 
nally in this material. 

The third species of Anabaenopsis in the Philippine samples was princi- 
pally found mixed in relatively small proportion with the last, recognizably 
different as more slender and less granular in aspect, with relatively longer 
cells. It may be described : 

Anabaenopsis luzonensis n.sp. (PL XL, figs. 8-1 5). 

Trichomes short, occasionally straight or curved, generally coiled in one, 
rarely 2, fiat or spiral turns of 28-45 M diameter, but trichome segments 
frequently adhering by the terminal heterocysts to form helixes of a few 
irregular turns; trichomes 5.2-(d.4)-7.5 /x in diameter, cells barrel-shaped, 
distinctly narrowed from the center toward the ends to their full 

diameter, 5.6-10.5 ju or perhaps somewhat more in length; contents pale 
blue-green, slightly granular, pseudovacuoles not obvious; heterocysts 
terminal at both ends of the trichome, oval, little flattened at the point of 
contact with the trichome, and granule not evident, 3.7 to more commonly 
5.i”(d.i)-7.5 jjL in diameter, 4.5 to more commonly 6.o-(5.j)-9.6 ji long 
(ratio I : 1.35), pale straw-colored to colorless; spores intercalary, not seen 
close to the heterocysts, quickly isolated by fracture of the filament on 
one or both sides of the oval spore, 8. 1-9.7, /x in diameter, 12.2-16.2 /x long, 
wall moderately thick, straw-colored, apparently smooth. 

This plant falls into the group with A. Arnoldii, A. circularis and 
A. Elenkinii, as did the last. From A, Arnoldii, with subspherical cells, 
it is obviously quite distinct. The revised description oi A. circularis 
comes closer, but in that species the cells are rounded-cylindrical and 
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narrower than the present, which has barrel-shaped cells 20 percent wider 
than those of A. circularis, and heterocysts considerably longer. On the 
whole, by far the closest resemblance is with A. Elenkinii, for the cell 
shape corresponds well, although A, luzonensis is larger; however, the 
heterocysts of the new plant are oval while those of A. Elenkinii are de- 
^ scribed as nearly spherical, and the spores are also relatively longer. With 
the marked heterocyst difference, and with considerable differences in 
vegetative cells and spores, and apparently in the color of masses of the 
plant, it seems best to describe the Philippine plant as a new species; but 
should other forms be found differing in various degrees, as have been found 
for A, Arnoldii, and connecting this plant with A. Elenkinii, it would then 
eventually be regarded as a geographical form of that plant. 

Descriptive Key to the Genus Anabaenopsis 


I. Heterocysts elongated 2 

1. Heterocysts short oval, spherical or truncated 4 

2. Heterocysts straight; trichomes straight or sparingly coiled 3 

2. Heterocysts curved, tapered, 2. 6-3. 8 u. X 7.5-13.2 ju; trichomes 1.9- 

3.8 M diam., in long coils or tangled A. philippinensis 

3. Trichomes 2. 4-2. 6 /x diam.; heterocysts 2.0-3.0 ju X 5. 0-6.0 ac, ellip- 

tical A. tanganyikae 

3. Trichomes 2. 5-4.0 11 diam.; heterocysts 2.0-2. 5 fi X 5.0-7.0 fj., tapered A. Raciborskii 

4. Cells of trichome at full growth much longer than broad .......... 5 

4, Cells of trichome subspherical or compressed, seldom longer than 

broad A. Arnoldii, incL: 

a. Heterocysts 5. 8-9,2 /x X 8-10 /x; trichomes 6.5-9 

spores 10.4-11.5 A£ X 11.5-14.5 At Russian type 

b. Heterocysts smaller; trichomes 5-8 At; spores 12-14 At 

Xi6“i8At.. Java^iese form 

c. Heterocysts slightly larger, 6.6-10.3 M X 8.5-10.3 jjl; 

trichomes 7. 1-8.5 At diam African form 

d. Heterocysts 5. 6-9. 8 At X 7-5~9.4 At; trichome 7.5-94 At; 

spores 8-12 At X 12-16 At . Philippine form 

5, Trichome generally straight, 2.2-3.8 At diam., cells about 3-4 diam. 

long A. Ctmningtonii 

5. Trichome generally strongly arcuate to spiral, cells shorter ........ 6 

6. Cells rounded-cylindrical, 4. 7-6. 5 At diam.; heterocysts 5. 6-7. 5 At X 

6.5”8.4 At A. circularis 

6. Cells barrel-shaped 7 

7. Trichomes 4. 6-5. 7 At diam.; heterocysts 4.6-6. 7 At diam., spherical; 

plant mass blackish-brown A. Elenkinii 


7. Trichomes 5.2-7. 5 At diam.; heterocysts 5. 1-7. 5 At X 6. 0-9.6 At, oval. . A. luzonensis 

Diagnoses OF New Species 
Anabaenopsis Cunningtonii n.sp. (PL XXXIX, figs. 1-4). 

Trichomata brevia, 1 10-333 /a (plerumque eirciter 165 /a) longa, stricta 
vel raro curvata, 2.2~3.8 /a diam. (plerumque 3.6 /a); cellulis cylindricis vel 
medio subdistensis, apice rotundatis compressione mutua modice planatis, 
plerumque ca. ii.i> longa, maximis ante divisionem 16.44A, intus colore 
nondescriptis, textura paululo granulatis; heterocystibus utroque binis 
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terminalibus ovoideis vel subovoideis, a cellulis adjacentibus modice 
planatis, plemmque granule visibili praeditis, diam. 47-6.6 /x (saepe 5.8 jj), 
6.6-10.3 /X (saepe 7.9/^) longis, mature trichomata cito in segmenta sepa- 
rantibus; sporis ignotis. — Specimen typicum ex Lacu Tanganyika, Africa 
(W. A. Cunnington), in herb, auctor, et Univ. Mich. 

Anabaenopsis luzonensis n.sp. (PL XL, figs. 8-15). 

Trichomata 5.2-7. 5 ijl (plerumque 6.4 /x) diam., brevia, interdum stricta 
vel curvata, saepissime spiralia vel helicoidia, 1-2-voluta, volutis 28-45 M 
diam., saepe inter se ex heterocystibus nondum separantibus helices com- 
positas irregulariter paucivolutas formantia; cellulis media parte distensis, 
utroque ad septum versus terunciatim angustatis, 5.6-10.5 fx longis, intus 
pallide cyaneoviridibus, paululo granulatis, absque pseudovacuolis ; hetero- 
cystibus utroque terminalibus ovoideis, ad cellulas adjacentes vix planatis 
baud granulatis, diam. 5.i”-7.5 m (rarissime 3.7, saepissime 6.1 ^u), 6.0-9. 6 M 
longis (plerumque 8.3 /x), pallide stramineis vel decoloratis ; sporis 8. 1-9.7 
diam., 12.2-16.2 ix longis, intercalaribus nec prope heterocystes obviis, 
cito trichomatis fractione liberatis, parietibus modice crassis, stramineis 
laevibus. — Specimen typicum ex Lacu Sampaloc, Provincia Laguna, Ins. 
Philippinensibus (E. Quisumbing). 

Anabaenopsis philippinensis n.sp. (PI. XL, figs. 1-7), 

Trichomata subcylindrica, 1.9-3. 8 fx diam. (plerumque 3.3 m), elongata, 
spiraliter 8-12-voluta, volutis 12-25 /x diam., vel elongata plus minusve 
intricata pro parte spiralia; cellulis cylindricis apice vix vel baud quaquam 
constrictis ca. 6.6 fx longis sed septis indistinctis, intus pallide cyaneo- 
viridibus, paululo granulatis, absque pseudovacuolis ; heterocystibus utroque 
terminalibus diam. 2. 6-3. 8 m (plerumque 3.5 jx), 7. 5-13.2 ix (plerumque 9.4 
longis, rotundato-conicis fere ex basi ad apicem rotundatum angustatis, 
rectis vel curvatis, membrana pallide straminea tenui vix ad septum 
incrassata, absque granule basellari; sporis nondum visis. Specimen 
typicum ex Lacu Sampaloc, Provincia Laguna, Ins. Philippinensibus (E. 
Quisumbing). 

Summary 

An account is given of the results of a fe-examination of a portion of 
the original plankton material from which G. S. West described certain 
Anabaenas upon which the genus Anabaenopsis has since been founded. 
One of his species (A . tanganyikae) was scantily represented and probably as 
he interpreted it. His other concept (A. circularis) is to be viewed as three 
plants, Anabaenopsis circularis s,s., A. Arnoldii fa., and A. Cunningtonii n. 
sp. , all of which are described. An account is then given of the examination 
of Philippine phytoplankton samples, in which three Anabaenopses were 
found. One of these is also a form of A. Ar^toldii^ to which species the geo- 
graphically proximate Javanese A . Arnoldii var. javanica (Wolos.) is related. 
The other two are new species, A. philippinensis being related to A. Racibor- 
skii and the other, yl. luzonensis to Klenkinii, These are described, the 
interrelationships in the genus are discussed, and a descriptive key to the 
genus is given. 

University OF Michigan, 

Ann Arbor, Michigan 
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DESCRIPTION OF PLATES 
Plate XXXIX 

Figs. 1-4. Anabaeziopsis Cunningtonii {X 740). Trichomes showing heterocysts, and 
intercalary pairs of developing heterocysts. 

Figs. 5-10. Anahaenopsis circularis (X 740). Trichomes showing terminal hetero- 
cysts of various ages, and developing intercalary pairs. 

Figs. 11-14. Anahaenopsis Arnoldii (African form) (X 740). Trichomes showing 
intercalary^ and terminal heterocysts. 

Plate XL 

Figs. 1-7. Anahaenopsis philippinensis (X 606). Trichomes showing heterocysts; 
cell wall limits partly indicated in figure i. 

Figs. 8-15. Anahaenopsis luzonensis (X 606). Trichomes showing heterocysts and 
(figs. 13-15) spores; figure 10 shows association in chain of trichomes. 

Figs. 16-22. Anahaenopsis Arnoldii (Philippine form) (X 606). Trichomes showing 
heterocysts and (figs, 21, 22) spores. 



PROPAGATING SORGHUM BY CUTTINGS 
H. E. Rea and R. E. Karper 
(Received for publication December i6, 1931) 

Although the sorghums are normally propagated by seed they may also 
be propagated from stem cuttings. Piedallu (i) reported in a French 
publication in 1919 that Minnesota Amber sorghum cuttings rooted readily. 
In 1930, Thomas and Venkatraman (2), working in India, stated that they 
were able to propagate sorghum vegetatively by planting it like sugar 
cane cuttings. Interest was first taken by the authors in propagating 
sorghums by means of stem cuttings during the fall of 1930 when the first 
trials were made with Sumac sorgo. 

While field plantings of sorghum will always continue to utilize seed 
exclusively, the asexual propagation of sorghums should be useful to 
research workers and plant breeders. Cuttings should be highly desirable 
for increasing any lots of sorghum where only a limited number of seed 
are available or where it is desired to increase the lots without genetic 
alteration. Cuttings could often be used efficiently in increasing rare 
sorghum selections, importations, or hybrids. 

The sorghum geneticist should find asexual propagation very useful in 
manipulating his plant material. While most of the operations feasible 
with cuttings can also be accomplished with seed, cuttings may supplement 
and facilitate these operations. In hybridization work cuttings may be 
used to maintain or increase plant material, whether it is heterozygous or 
homozygous. Individual sorghum plants, selected as parents in a given 
cross, may be maintained asexually after the cross has been completed and 
the seed matured. By this method the identical parent stock may be used 
for any number of subsequent crosses. 

In artificial crossing of sorghum the number of hybrid seed matured is 
limited. ^ For each seed planted a satisfactorily large population is usually 
produced. However, if for any reason additional F2 seed were desired, 
the Fi plants might be further propagated asexually and an extremely 
large population of F2 seed might easily be produced. 

Cuttings of sorghum may also be used for readily producing inaterial 
for certain cytological studies. Within two weeks after placement many 
sorghum cuttings will produce an abundance of soft root tips excellent for 
cytological work. Likewise, cuttings offer an opportunity to produce 
poUen over an extended period, for within six to eight weeks many sorghum 
cuttings produce an abundance of pollen. Obviously other mses will 
suggest themselves as workers come to utilize sorghum cuttings. 
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Preliminary Experiments 

In the first experiments in 1930, two-node stripped cuttings from second 
crop Sumac plants were placed in glass jar propagators with moist sand 
as medium. A total of 167 cuttings was made November 6 and 58.1 percent 
of them rooted successfully. The preliminary results obtained with Sumac 
sorgo encouraged trials with other sorghums. In the meantime field crops 
of sorghum had been destroyed by frost but fortunately there were a few 
plants of Sumac, feterita, and Johnson grass growing in the greenhouse. 
Additional trials were made with Sumac on November 20 and December 5, 
using 32 and 31 cuttings, respectively. Success was secured with 65.6 and 
83.8 percent of these cuttings. On November 20 cuttings were obtained 
from feterita and handled in a similar manner to the Sumac cuttings. 
Out of a total of 44 cuttings, 30, or 68.2 percent, were successfully rooted. 
Johnson grass cuttings were made March 20, 1931, when 12 out of 50 
cuttings, or 24 percent, were successful. 

Material and Methods 

In the spring of 1931 provision was made to have a variety of sorghums, 
representative of the different types or groups, available from which to 
make cuttings. Special plantings of each of several varieties of grass 
sorghums, sorgos, grain sorghums, broomcorn, and also Indian corn were 
made. The grass sorghums used were Tunis, Sudan, and Johnson. Th^ 
sorgos were represented by Black Amber, Sumac, and Honey, while the 
grain sorghums included were Blackhul kafir, Hegari, feterita, Dwarf 
Yellow milo, and Standard Brown kaoliang. The broomcorn used was of 
the Acme variety and the Indian corn was Mosshart Yellow Dent. By 
July 17 most of these plantings had reached the stage of maturity desired 
for cuttings. The Sumac and Honey sorgos, however, were still immature 
but were used at that time since more mature plants of those varieties were 
not available. 

From July 17-22, 1931, a total of 1075 cuttings was made from this 
material. The experiments set up were of three types: (i) Stripped two- 
node cuttings placed in glass jar propagators were used in the standard 
experiment. A total of 650 cuttings of this kind was made. (2) As one 
modification a smaller series of 100 two-node cuttings were placed in glass 
jar propagators without stripping the leaf sheaths from around the node. 
(3) An additional 325 cuttings, each consisting of many nodes, were made 
and placed in the open greenhouse bed. Moist sand was the medium used 
in all cases. 

Making the Cuttings 

The cutting material was collected from the field in separate lots of 
from ten to fifteen stalks of a single variety, prepared indoors, and none of 
the material exposed longer than necessary. Usually the cuttings were 
placed in the propagating medium in less than an hour after the plants 
were collected. 
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The stalks in the field were cut just above the crown. Three types of 
cuttings were made. Two groups were short and one was long. The 
short cuttings were from 9 to 12 centimeters in length and included a single 
internode and two nodes and were alike in the two groups except that the 
leaf sheath was removed or retained. The long cuttings were approximately 
60 centimeters in length and included from 3 to 5 nodes. For convenience 
these three types were designated as two-node stripped, two-node un- 
stripped, and many-node stripped cuttings. 

In both groups of stripped cuttings the leaves were roughly stripped 
from the stalks. This usually left the nodes partially covered by remnants 
of the leaf sheaths. These remnants were carefully removed with the aid 
of a small pen knife. The stalks were then ciit into the length desired. 
The lower cuts were made one centimeter below a node and the upper cuts 
five centimeters above a node. All cuts were angular and were made with 
a sharp steel blade. The two-node unstripped cuttings were cut directly 
without removing the leaves. Both groups of the stripped cuttings were 
inspected carefully to see that all nodes bore uninjured and completely 
exposed ''eyes.” In the case of all the sorghums these "eyes” were stem 
buds, but with corn they appeared to be ear buds. No inspection was 
possible for the cuttings where the leaf sheaths were not removed. 

Placing and Care of Cuttings 

All cuttings were placed in sharp, medium fine, sand, free of clay, 
with a moisture content of approximately 8 percent. The two-node 
cuttings were placed in glass jar propagators and the many-node cuttings 
in the open greenhouse bed. No attempt was made to sterilize the plant 
material; however, the sand and jars were fairly free of micro-organisms. 
Just before placing the cuttings their upper tips were dipped in melted 
paraffin. Care was taken to prevent covering the stem bud. 

In placing the two-node cuttings in the glass jar propagators the jar 
was filled about one-fourth full of moist sand, cuttings placed in an upright 
, position and pressed down in the sand. The jars were one-half gallon in 
size and conveniently accomodated five cuttings. After the cuttings were 
placed, moist sand was added to finish filling the jar to approximately 
three-fourths full, leaving about 2 centimeters of the tops of the cuttings 
uncovered. Finally the jars were loosely closed with screw tops without 
the use of rubber gaskets and moved to a permanent location. No water 
was added to the sand in the propagators and no special temperature was 
provided. The average outdoor temperature during the period was 83® F, 

The long cuttings were heeled in moist sand in the greenhouse bed. 
About 5 centimeters of the tops were left uncovered and the bases of the 
cuttings were covered from lo to 15 centimeters deep. l‘he material 
placed in the greenhouse bed was watered daily. Within a few days after 
placing the long cuttings they began to buckle and tended to assume an 
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Upright position. Because of this it was necessary to cover the butts 
deeper and to fill in with sand underneath the tops. 

Records 

All sorghum cuttings were left in the propagating medium for at least 
four weeks before they were taken up for examination. In the case of 
cuttings placed in glass jar propagators, their general condition and progress 
was observed from time to time and the experiment continued until roots 
began to show along the surface of the propagator. The records obtained 
at the end of the several experiments varied to some extent. A count of 
the total number of cuttings and the number successfully rooted was made 
in each experiment. For a cutting to be classified as successfully rooted it 
was required to develop both roots and leaves and be in a healthy condition. 

Limited information was secured concerning the cuttings that showed 
some development but could not be classed as successful. These cuttings 
were divided into several classes, one group showing both root and leaf 
growth while the other showed only leaf growth. Usually these cuttings 
were severely damaged by micro-organisms. The sorghum cuttings were 
found to develop roots from two sources. The most common origin was 
from the base of the stem bud. However, roots were observed to develop 
from the root band encircling the node of the mother cutting. Those 
roots coming from the root band have been designated as brace roots and 
a count was made of the number of cuttings showing the development of 
these roots. 

Results 

Stripped Two-node Cuttings 

In presenting the results secured with these two-node stripped cuttings, 
attention is first directed to the percentage of cuttings successfully rooted. 
As seen in table i, on the average, only 6.6 percent of the cuttings made 
resulted in healthy, rooted cuttings with leaf development. Many varieties 
showed successful cuttings. Hegari, Sudan, and Tunis cuttings were 
among the most successful. Of all the cuttings tried from these varieties, 
22,0, 16.0, and 12.0 percent, respectively, were clean, healthy cuttings with 
good root and stem growth. Kafir, milo, Black Amber, kaoliang, Johnson 
grass, and Sumac sorgo produced only a limited number of thrifty, well 
rooted cuttings while Honey, feterita, and Acme broomcorn produced none. 
Indian corn was not observed to make any stem growth and only infre- 
quently did it produce roots. As a group, the grass sorghums were most 
successful. 

From an examination of those cuttings which could not be regarded as 
successful a large number were found that made satisfactory root and stem 
growth but which had been severely injured by disease prior to taking the 
records. The percentages of cuttings belonging to this class are given 
under the “ Damaged” column in table i. Although these cuttings had no 
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Table i. Results of Two-node Stripped Cuttings of Sorghum Propagated in Glass Jars 


Kind 

of 

Sorghum 

Percent 

Cuttings 

Making 

no 

Growth 

Percent of Cuttings Making Some Growth 

Roots and Stems Stems 

Only 

Damaged Clean 

Percent of 
Cuttings 
Producing 
Brace 
Roots 

Tunis grass 

18.0 

64.0 

12.0 

6.0 

8.0 

Sudan grass 

48.0 

36.0 

16.0 

0.0 

24.0 

Johnson grass 

96.0 

2.0 

2.0 

0,0 

0.0 

Black amber 

lO.O 

70.0 

6.0 

14.0 

74-0 

Sumac 

72.0 

24.0 

2.0 

2.0 

14.0 

Honey 

33-3 

66.7 

0.0 

0.0 

62.2 

Blackhul kafir 

52.0 

40.0 

8.0 

0.0 

4.0 

Hegari 

..... 22.0 

34-0 

22.0 

22.0 

2.0 

Feterita 

42.0 

58.0 

0.0 

0.0 

lO.O 

Dwarf Y el. milo . . . 

444 

48.9 

6.7 

0.0 

0.0 

Std. B. kaoliang. . . 

58-0 

36.0 

4.0 

2.0 

8.0 

Acme broomcorn . . 

4-0 

96.0 

0.0 

0.0 

78.0 

Average 

41.6 

48.0 

6.6 

3.8 

237 


prospect of producing new plants under the existing condition, they did 
indicate their ability to reproduce themselves under a favorable environ- 
ment. From an inspection of the percentages recorded for this group, 
it may be seen that Acme broomcorn, Honey sorgo, and feterita produced 
many cuttings with root and leaf development. Many of the stem buds of 
these cuttings grew to be 10 centimeters long and from i to 2 centimeters 
in diameter. In general, the root development of the '' Damaged” cuttings 
was almost as extensive as the clean cuttings and in some instances the 
roots remained in a healthy condition. The shoot appeared to suffer first 
from the attack of micro-organisms. 

A few of the unsuccessful cuttings made some shoot growth without 
roots developing at all. The percentages of such cuttings are shown in 
table I. Those cuttings recorded were in a thrifty condition at the time 
of collecting the data. Only 3.8 percent of all cuttings used produced 
stem growth exclusively, the cuttings of hegari and Black Amber mani- 
festing this type of growth more frequently than did the cuttings of other 
varieties. 

Observations of sorghum cuttings in the process of striking root indicate 
that the stem bud is the active growing unit. Upon stimulation this bud 
elongates and begins to unfold. Shortly afterwards leaves begin to appear 
and root buds form at the base of the stem bud^ These roots are from the 
stem bud and are not a part of the mother cutting. The sorghum stalks 
have primordial root scars or root bands immediately above the nodes and 
frequently roots are developed from this source (text fig. lA). The new 
plant did not appear to be dependent on the development of these root 
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primordia but their development undoubtedly added much to the growth 
of the new plant. 

Under the column “Brace Roots,” in table i, the percentages of all 
cuttings developing roots from root bands are given. On the average, 
only 23.7 percent of the cuttings produced brace roots while 54.6 percent 





Text Fig. i. A, Acme broomcorn cuttings showing proliferation of stem buds and 
growth of shoots and roots. Roots were developed both from root buds and stem buds. 
B, Sumac cuttings showing development of roots from stem bud. C, shoot growth made 
from cuttings in greenhouse bench by Tunis grass, Sudan grass, and Johnson grass (left to 
right). P, shoot growth made by Honey sorgo, Standard feterita. Standard Brown kaoliang 
and Acme broomcorn cuttings (left to right). Three sections showing no shoot growth 
included Sumac, kafir, and Dwarf Yellow milo. 
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produced roots from the stem bud. Only rarely were cuttings found to 
produce brace roots without also developing roots directly from the stem 
bud. In such cases as were observed usually the top stem bud was the 
only one to develop and it was well out of the sand. Furthermore, the 
brace roots were usually slower to start growth and developed slower than 
did roots from the stem bud. 

Unstripped Two-node Cuttings 

In studying the cuttings of the 1930 trials that failed to make root 
growth their stem buds were frequently found to be partly covered by a 
portion of the leaf sheath. This suggested that the failure completely to 
remove the leaf sheath might either inhibit or delay rooting from the stem 
bud. To test this possibility a series of cuttings were made in which the 
leaf sheath was left in place. 

For the purpose of this experiment, one variety of each of the sorghum 
groups was chosen. Sudan grass, Honey sorgo, feterita, and Acme broom- 
corn were the varieties used. Twenty-five cuttings of each were made. 
The results secured are given in table 2. In order to facilitate comparison, 

Table 2. Comparison of Unstripped and Stripped Two~?tode Cuttings Propagated in 

Glass Jars 


Percent Percent of Cuttings Making Some Growth Percent of 
Kind Cuttings Cuttings 

-.r -n 3 — • 


of 

Sorgluim 

Treatment 

Making 

no 

Growth 

Roots and Stems 

Stems 

Only 

Producing 

Brace 

Roots 

Damaged 

Clean 

Sudan grass . . . 

. . Unstripped 

36.0 

20.0 

44.0 

0.0 

36.0 

Sudan grass . . . 

. . Stripped 

48.0 

36.0 

16.0 

0.0 

24.0 

Honey 

. . Unstripped 

40.0 

16.0 

4.0 

40.0 

12.0 

Honey 

. . Stripped 

33-3 

66.7 

0.0 

0.0 

62.2 

Feterita 

. . Unstripped 

44.0 

56.0 

0.0 

0.0 

4.0 

Feterita 

. . Stripped 

42.0 

58,0 

0.0 

0.0 

lO.O 

Acme 

, . . Unstripped 

24.0 

60.0 

16.0 

0.0 

20.0 

Acme 

, . , Stripped 

4.0 

96.0 

0.0 

0.0 

78.0 

Average 

. . . Unstripped 

36.0 

38,0 

16.0 

lO.O 

18.0 

Average 

, . . Stripped 

31.8 

64.2 

4.0 

0.0 

43-6 


the results secured with the stripped cuttings of the four varieties concerned 
have been included in this table. It will be seen that 16.0 percent of the 
unstripped cuttings was successful, compared to 4.0 percent of those 
stripped. This comparison would indicate that leaving the leaf sheath on 
the cutting was more favorable under the condition of this trial. Contami- 
nation from micro-organisms was very general in the glass jars and appar- 
ently the presence of the leaf sheath offered some protection to the buds 
of the unstripped cuttings. 
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Although the roots of the unstripped cuttings grew through the leaf 
sheaths rather generally, the presence of the sheaths delayed root develop- 
ment in some instances. This appeared true particularly for the Honey 
sorgo cuttings. For this variety 40.0 percent of the cuttings produced 
only stem growth. Also, the average for all varieties indicates a delay in 
root growth. Only 18.0 percent of the unstripped cuttings developed brace 
roots, compared to 43.6 for the stripped cuttings. Fewer cuttings produced 
roots from the stem buds on the unstripped cuttings. The percentages 
were 54.0 and 68.2 for the unstripped and stripped, respectively. 

Long or Many-node Cuttings 

A total of 325 long, or many-node, cuttings was placed in moist sand 
in the greenhouse bench. The final records on these cuttings were not 
taken until September 23 (text fig. 2A). 

The percentages of long cuttings that yielded one or more new and 
live plants are given in table 3. Broomcorn made a very high record since 


Table 3. Results of Many-node Sorghum Cuttings Placed in Greenhouse Bench 


Variety 

of 

Sorghum 


Percentage 


Cuttings Rooted 
and Stems 

Alive 

Rooted but 
no Live 

Stems 

Not 

• Rooted 

Joint Roots 
of Successful 
Cuttings 

Tunis grass 

52.0 

0.0 

48.0 

88.5 

Sudan grass 

44-0 

0.0 

56.0 

854 

Johnson grass 

32.0 

0.0 

68.0 

844 

Black amber 

8.0 

56.0 

36.0 

50.0 

Sumac 

16.0 

48.0 

36.0 

58.3 

Honey 

60.0 

24.0 

16.0 

100.0 

Blackhul kafir 

12.0 

72.0 

16.0 

33-3 

Hegari 


64.0 

24.0 

44.4 

Feterita 

40.0 

32.0 

28.0 

75-0 

Dwarf Yel. milo 

0.0 

36.0 

64.0 

0.0 

Std. B. kaoliang 

24.0 

12,0 

64.0 

38.9 

Acme broomcorn 


28.0 

0.0 

92.0 

Average 

3H0 

31.0 

38.0 

62.5 


72.0 percent of its cuttings was successful. Many of the. broomcorn 
cuttings produced more than one new plant per cutting. In one instance 
the stem bud had put out seven side buds, although the shoot from the 
main bud had not yet reached the surface of the sand. All of these buds 
were healthy and vigorous looking. They were in active growing condition 
and each bud produced abundant root growth. Many of these bud clusters 
could have been sub-divided without injury. In general appearance they 
looked very much like a number of small bulblets. All the broomcorn 
cuttings counted as successful bore one or more shoots above the sand. 
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Text Fig. 2. A, shoot and root growth of representative cuttings propagated in 
greenhouse bench, i, Johnson grass. 2, Tunis grass. 3, Sudan grass. 4, Honey sorgo. 
5, Acme broomcorn. 6, Standard feterita. 7, Standard Brown kaoliang. 8, Mosshart 
Yellow Dent corn showing only root growth. mature Sumac sorgo plant grown from 
two-node cutting showing mother cutting attached. 
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However, all cuttings were given equal weight in calculating the percentage 
of success. The new broomcorn shoots grew to be only about 25 centi- 
meters high but most of them produced mature seed before September 23. 

Honey sorgo and Tunis grass cuttings also were quite successful. The 
percentages of new plants produced by these varieties were 60.0 and 52.0. 
The new stalks of both of these sorghums exceeded one meter in height by 
the time the final records were made and the growth was very vigorous 
(text fig. I, C and D). The Tunis grass had matured seed and Sudan and 
Johnson grass were in full head. Sudan and feterita showed 44.0 and 
40.0 percent, respectively, of successful cuttings. All of the sorghums 
produced some new plants except milo. On the average, 31.0 percent of 
the long sorghum cuttings was successful. This was somewhat higher than 
the average of 6.6 and 16.0 percent successes obtained from the two classes 
of shorter cuttings propagated in glass jars. No stem growth was found 
on the Indian corn cuttings although several of them produced good growth 
of brace roots. 

In making the final observation on the many-node cuttings only infre- 
quently was there more than one shoot per cutting in a healthy, vigorous 
condition except in broomcorn. Shoot growth was originally started at 
nearly every node but many of these were subsequently damaged by 
micro-organisms. The surviving shoots were generally from nodes only 
slightly covered by sand (text fig. 2A). Stem buds started shoot growth 
from the deeply covered nodes but only a few continued to grow. Root 
development on these deeply covered nodes, however, was very profuse. 
The origin of these roots was similar to those found on the shorter two-node 
cuttings used in other experiments except that brace roots were produced 
more frequently. The abundance of roots on these successful long cuttings 
is evident from the data presented in table 3. There were 15 cuttings of 
Honey sorgo that were successfully rooted and roots were found on 100.0 
percent of the 45 joints available on these cuttings. Likewise, the percent- 
age of available nodes producing roots on the successful cuttings of other 
varieties was very high. The percentages were, for broomcorn, 92.0; 
Tunis grass, 88.5; Sudan grass, 85.4; Johnson grass, 84.4; and feterita, 75.0. 
A similar condition prevailed for the other varieties. 

Discussion 

The adaptability of broomcorn to propagation by stem cuttings was 
distinctly greater than most of the other varieties of sorghums tested. 
Although the two-node stripped cuttings of broomcorn propagated in glass 
jars were all contaminated, these cuttings had previously made marked 
root and stem growth. Of a total of 50 cuttings used, 48, or 96.0 percent, 
had developed shoots and roots extensively. Unstripped broomcorn cut- 
tings were fairly successful. The long, many-node broomcorn cuttings 
propagated in the greenhouse bench were very successful as all of these 




474 AMERICAN JOURNAL OF BOTANY [Vol. 19, 

cuttings produced roots and 72.0 percent of them grew into new plants. 
Of the 90 joints available on the successful broomcorn cuttings in the green- 
house bench, 92.0 percent of them rooted profusely. Suckering of the stem 
buds was also very general and this appeared to favor asexual reproduction. 

The long, many-node cuttings of Honey sorgo resulted in a 60.0 percent 
success. Shorter Honey cuttings propagated in the glass jars were only 
fairly successful. Considering the extensive root development and vigorous 
stem growth of the cuttings in the greenhouse bench, however, better 
success was had in propagating this sorghum than with any of the others 
except broomcorn. Sumac sorgo yielded very few successfully rooted 
cuttings in the 1931 tests. This might have been due in part to the im- 
mature material used ; however, the plants used for the Honey sorgo cuttings 
were still less mature. To say the least, a large proportion of Sumac 
cuttings will root under favorable conditions. In one trial during the fall 
of 1930 over 80.0 percent of the cuttings used were successful. On the 
other hand, with Black Amber sorgo the maximum percentage of success 
made in any of the trials was 8.0. 

Many successful cuttings were obtained from the grass sorghums. The 
results secured in the open greenhouse bed were good for all three of the 
grass sorghums tested. Tunis grass produced new plants from 52.0 percent 
of the long cuttings used. These new plants were very vigorous from the 
start, grew rapidly, produced a number of off-shoots, and made very exten- 
sive root growth prior to taking the final records. Many of the new plants 
even matured seed. All of the cuttings propagated in the glass jars gave 
poor results but compared to the results of the other varieties the Tunis 
grass cuttings were among the best. 

New Sudan grass plants were produced by 44.0 percent of both long 
cuttings and the unstripped short ones. The short, stripped Sudan cuttings 
were successful to the extent of 16.0 percent. The growth of the Sudan 
cuttings was almost as satisfactory as that of Tunis grass. With Johnson 
grass, a perennial sorghum, the cuttings placed in the glass jars were almost 
complete failures but 32.0 percent of the long cuttings in the greenhouse 
bench rooted and produced new plants. As a whole the grass sorghums 
were propagated more readily from cuttings than any of the other sorghums 
except broomcorn. 

Although no uncontaminated new Feterita plants were obtained from 
the glass jar propagators, 58.0 percent of the cuttings of this variety did 
develop roots and stems before beginning to deteriorate. In the greenhouse 
bench experiment, 40.0 percent of the feterita cuttings produced thrifty, 
new plants. The maximum percentage of success for Dwarf Yellow milo 
was only 6.7 in glass jar propagators while in the trials with long cuttings 
on the greenhouse bench no new plants were produced. Kaoliang, kafir, 
and Hegari many-node cuttings produced a few new plants but the short 
cuttings in glass jars were badly damaged, and with the exception of Hegari, 
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only a few of the cuttings were successful. As a group the grain sorghums 
appeared to be less adapted to this type of propagation than any of the 
other sorghums. 

Indian corn was the only crop plant other than the sorghums included 
in these propagating trials. Some of the corn cuttings produced root 
growth (text fig. 2, A S) from the root bands above the nodes but no new 
plants resulted since no shoot growth developed. 

These experiments indicate that sorghums may be readily propagated 
from cuttings. Conditions most favorable to successful handling of such 
cuttings are still to be worked out as soil organisms damaged a rather high 
percentage of the cuttings under the conditions of these trials. The fact 
that these experiments were conducted in the greenhouse under the very 
high temperatures of midsummer was probably responsible for a part of 
this damage. Had the rooted shUots been taken off of the mother cuttings, 
or the whole cutting been potted off or transplanted at the proper time, 
undoubtedly many of them would have developed into healthy, new plants. 
A number of the cuttings in the earlier trials were potted and later trans- 
planted to the field where normal plants developed and produced seed 
(text fig. 2B). Also, a number of them developed and matured in the 
greenhouse. Healthier cuttings are maintained when the leaf sheaths are 
not removed but the shoots and their roots have some difficulty in breaking 
through the sheath. A larger number of new plants can be obtained by 
shallow layering of long, many-node cuttings in sand, removing and trans- 
planting the shoots when well rooted, or letting the new plants grow in 
place. Single-node cuttings placed^ in the sand, pots, or directly in the 
field, should also be successful in propagating sorghum. 

Summary 

1. Stem cuttings were made of twelve types and varieties of sorghum 
and one variety of Indian corn. Results show that sorghums can readily 
be propagated from cuttings. 

2. The types of stalk pieces used were stripped and unstripped two-node 
cuttings and stripped many-node cuttings. The two-node cuttings were 
propagated in glass jars and the many-node cuttings were heeled in the 
open greenhouse bed. The latter method proved the more successful. 

3. Broomcorn appeared to be best adapted to propagation by cuttings. 
Honey sorgo and Tunis grass cuttings were also very successful. The other 
varieties showed considerable variation in the degree of their adaptability 
to this method of propagation. Cuttings of Dwarf Yellow milo were the 
least successful. 

4. As a group the grass sorghum cuttings were generally successful and 
were exceeded only by broomcorn. The sorgo group showed considerable 
variation while the grain sorghums produced the lowest percentage of 
satisfactorily rooted cuttings. 
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5. Cuttings from Indian corn produced roots from the root band but 
did not develop any shoots. ; 
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FLOWER VARIATIONS AND SYMMETRY PATTERNS IN 
STELLARIA MEDIA, AND THEIR UNDER- 
LYING SIGNIFICANCE 

Edwin B. Matzke 

(Received for publication December 24, 1931) 

The literature that has accumulated on the morphology of the flower, 
especially with reference to the number of floral parts, in the genus Stellaria, 
is as abundant as it is perplexing; this is not difflcuit to understand, however, 
since the flowers, though never striking in appearance, are truly protean 
in their structure. Taxonomically the genus has presented considerable 
difliculty, as is attested by the large number of species and varieties that 
have been described, and by the different generic names that have been 
assigned. This confusion results in part at least from the variability 
within the flowers of the same variety, and even, in many cases, of the 
same plant. 

Most outstanding in number and range of floral variations among the 
members of the genus is Siellaria media. The apparent fickleness of this 
species has been the cause of controversy, as will be shown more in detail 
below; and while much has already been written on this species, it is felt 
that a minute study of the flowers will clarify to a considerable extent, at 
least, some of the morphological and taxonomic questions that have been 
in dispute. 

Showing as it does so many differences in the number and arrangement 
of floral parts, S. media is well adapted to the study of organization in the 
flower; clues to the underlying principles governing the relationships within 
the individual flower seem to lie in such a plant as this, which is apparently 
still rather plastic in many ways. 

It is with these points in mind that the following data and interpretations 
of the flowers of N. media are presented. The results included here deal 
with a single variety of S. media, — a ten-stamened form, the sub-species 
neglecta, variety typica, of Beguinot (1910). Additional studies have been 
made on one of the other varieties, which will be published in the near 
future. 

Literature Review 

The literature of the genus Stellaria and especially of S. media, has been 
summarized from various angles. In view of the bibliographies published 
in recent years, by Beguinot (1907, 1910, 1920, 1921), Graebner (1916), 
and Matzke (1929, 1930), only that literature dealing with the particular 
aspects which are to be discussed below will be reviewed again. Beguinot 
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has described some thirty-two varieties of S. media, as well as four hybrids, 
and some related species. He based the varietal differences on such 
characters as the relative length of calyx and corolla (or the entire absence 
of the corolla), on the number of stamens, on the extent of the pubescence, 
and on the shape of the sepals. That such characters as the number of 
stamens vary is very evident, and is clearly brought out in Beguinot’s 
work; and while there is even overlapping in the range of these stamen 
variations in different varieties, this character, as will be shown below, 
does offer a basis for the separation of certain forms at least. Whether all 
the varieties described by Beguinot will stand the test of further searching 
investigation remains to be seen; but that certain varieties do exist, seems 
to be unquestionable. 

Kraft (1917) emphasized very strongly the influence of environment on 
certain parts of the flower in 5 . media, especially the perianth ; poor nutrition, 
as well as very rich soil conditions, he showed, cause a reduction in the size 
and number of the petals, in the latter case perhaps through favoring 
vegetative activity at the expense of floral development, the size of the 
petals especially being affected. Kraft studied further the development 
of the flower, and presents ten floral diagrams, which show, to some 
extent, sepal-petal-stamen-carpel relationships, though no extensive study 
of these was attempted. Variation in the flowers of S. media has also been 
studied by Reinohl (1903), who maintained that light, moisture, and the 
character of the soil as well as the age of the plants were important influences 
in determining the number of stamens; Burkill (1895) also studied this 
species and concluded that the age of the plants and temperature were 
controlling factors. 

Among the older accounts of this plant should be mentioned first 
Eichler’s (1875, 1878) book. Eichler's diagram has been rather generally 
adopted (Pax 1889, Rendle 1925), though as he himself pointed out it is 
an unusual case in the arrangement of the stamens. While Eichler’s 
treatment is an excellent summary, his book is of counse essentially a 
resume of many families, and no one genus could be given very extensive 
consideration. As will be shown below, the position of the carpels of 
flowers examined in the present study differs slightly from that shown by 
Eichler ; and while he mentioned the variation within the genus, he obviously 
could do little more, Eichler also discussed the general structure of the 
flower, especially from the standpoint of its origin. He considered and 
accepted, in general, Hofmeister’s (1868) conclusion that the available 
space within the flower is an important factor in the arrangement of the 
floral parts, though he recognized also the “equilibrium” to be attained. 
While symmetry relations within the flower are well shown in many of 
Eichler’s diagrams, he made no detailed study of 5. media from this stand- 
point. Hofmeister’s “law” that the available space plays a part in the 
determination of the position of floral parts on the axis was emphasized by 
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Sachs (1874) and Celakovsky (1875), though it was early realized that this 
could not be the only factor involved. 

The general distribution of the stamens in 5 . media was briefly noted 
by Wydler (1851, 1859); his results, as far as they go, are in general agree- 
ment with the results given below; however, Wydler offered no detailed 
data and apparently made no extensive investigation of stamen variations. 

The position of the carpels with reference to the sepals has been figured 
in two different ways. Wydler (1851) early studied and illustrated this 
species. The carpel orientation in his diagram is essentially the same as 
that shown later by Eichler (1878). Eichler’s figure, in this respect, has 
been adopted in turn by Pax (1889), Engler and Gilg (1924), Rendle C1925) 
and Troll (1928), and is the same as that of Warming (1920). Le Maout 
and Decaisne (1868) gave a floral diagram of Stellaria which differs from 
the figures of Wydler and Eichler in the position of the carpels with reference 
to the sepals. Recently Pool (1929) has used Le Maout and Decaisne’s 
figure. 

The orientation of the parts of the flower is correlated, in a measure 
at least, with the arrangement of leaves on the stem. When the subject 
of phyllotaxy really first attracted attention is not definitely known; 
Thompson (1917) suggests that the Greeks and Egyptians may have noted 
some of its features. Within the last hundred years, however, the literature 
on this subject has grown to gigantic proportions; it has been summarized 
in some of its aspects in a previous publication by the author (1929). 

According to the old interpretation, strongly emphasized by Goethe 
(1790) and still rather generally accepted, the flower is a specialized shoot 
and the sporophylls are metamorphosed leaves. The flower parts may then 
give some indication of the original leaf arrangement. This theory receives 
some vindication in the arrangement of the sepals, which show a two-fifths 
spiral. The other parts of the flower, however, are cyclic. Wydler (1859) 
numbered the petals and stamens, as well as the sepals, according to their 
‘‘genetic succession,” thus indicating, perhaps, the original sequence of 
these parts on the axis — a feature that has been obliterated, excepting for 
the calyx, by the shortening of the axis of the flower. The data presented 
below are interpreted in the light of such a possible original spiral arrange- 
ment. In the stem as well as in the flower of Stellaria the original arrange- 
ment of the organs has presumably been modified, the phyllotaxy being 
decussate. 

The basic foliar nature of the carpels has recently been questioned by 
Gr6goire (1931)- He looks upon them as organs sui generis, and without 
homologue in the vegetative equipment of the plant. 

For more general considerations of form in plants, we are indebted to 
Sachs (1893). This author, in an ingenious analysis of the factors deter- 
mining size and structure, showed how, as a rule, increasing size and specific 
differentiation go hand in hand. The fundamental plan upon which plants 
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of large proportions are constructed differs essentially from that upon which 
more minute plants are built. But, aside from the general validity of his 
conclusions, he was not concerned with the form of the flower in particular. 
The question of form in the stem, and more especially in the vascular tissue 
in the stem, has recently been treated by Bower (1930). Emphasizing 
mechanical strength, provision for conduction, and ventilated storage space 
as requisites for the more effective of the larger stem types, Bower dwells 
upon the importance of the proportion of surface exposure of dead xylem 
tissue to living, and points out how this has been attained through medul- 
lation, sculpturing of the outer surface of the xylem mass, disintegration 
of portions of the xylem, and general vitalisation of the bulk of the xylem. 
It is from this point of view that Bower approaches the question of size 
and form in plants. Among the more recent general discussions of the 
morphology of the flower may be mentioned that of Engler (1926). This 
treatise deals with the general morphology of the flower, and includes a 
discussion of the occurrence of staminodia; the more specific problems 
relating to the genus Stellaria, especially reduction in the number of stamens 
and the positions of most frequent disappearance, are hardly considered. 
Harper (1916, 1926, 1929) has recognized functional hypertrophy and the 
relation of surface tension to cellular bipartition, etc., as influencing form 
determination in the lower organisms. In the higher plants Sinnott 
(1922, 1927, 1931), Sinnott and Durham (1929) and Sinnott and Hammond 
(1930) have studied form inheritance, especially in the fruit, and have been 
able to establish this on a genetic basis. 

Data 

The plants used were grown from seed collected at Rome, Italy. They 
were grown singly in pots and records kept of the variations in the flowers. 
The flowers were examined by means of a binocular dissecting microscope 
magnifying thirty- two diameters. All the plants were apparently of the 
same variety, though the flowers of certain ones showed some more or less 
constant differences from the flowers of others; all were apparently the 
S. media neglecta var. typica of Beguinot, which is accepted also by Graebner 
(1916). Beguinot, in his description of this variety, records the petals as 
slightly longer than the sepals; as he points out, however, this relation is 
not always maintained; the first flowers typically have the petals equal to 
or exceeding the calyx in length, while in the later ones they are usually 
shorter than the sepals. The later flowers of this, as well as of other 
varieties of S. media, are usually small and poorly developed. 

The relationship between sepals and bracts has been described previously 
in detail for 5 . aquatica. As shown in figures i and 2 it is essentially the 
same for this variety of 5 . media. The only striking difference in the 
inflorescence is the more noticeable inequality between the development of 
the first branches borne at the same node in the young inflorescence; 
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this has already been described and figured in another variety of 5. media 
(1930). Likewise the orientation of the sepals of the flowers, and of other 
floral parts as well, with reference to the leaves and branches of the stem, 
is as already described for S. aquatica and S, media (1929, 1930). 

The flower typically has five sepals quincuncially arranged. The leaf 
arrangement of the stem is decussate, and this arrangement of the sepals 
is apparently an expression of the spiral phyllotaxy with two-fifths diver- 
gence. According to the older authors, especially Payer (1857), the sepals 
of 5 . aquatica^ like those of other flowers with similar sepaline imbrication, 
indicate by the sequence and position of their origin, their original spiral 
arrangement. This spiral may form in either a clockwise or a counter- 
clockwise direction (figs, i and 2, respectively). This difference is cor- 



Text Figs, i and 2. Fig. i. Arrangement of the sepals and bracts in a flower in 
which the sepals originate in clockwise sequence. Fig. 2. Arrangement of the sepals and 
bracts in a flower in which the sepals originate in counterclockwise sequence. 

related with the method of branching, as has been described previously. 
Of 1701 flowers examined with this in mind, 866 had the sepals originating 
in clockwise sequence (as in text fig. i) and 835 had them in counterclockwise 
sequence (as in text fig. 2). Data presented for 5 . aquatica show a slightly 
larger number of flowers with the sepals counterclockwise in origin. The 
calyx of these and similar flowers is usually regarded as consisting of only a 
single whorl; the five members quincuncially arranged really represent, 
however, two turns of a much flattened spiral. This is emphasized by the 
occurrence, only very rarely to be sure, of four-sepaled flowers having two 
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inner and two outer sepals (text figs, iii and 112). Five such flowers 
were found. Of a total of 4652 flowers examined, all but seven had five 
sepals' and these all had four sepals. Of the remaining 4645 flowers, 4644 — 
or all except one — had the usual quincuncial arrangement of the sepals. 
This flower is shown in figure no. One flower had four sepals arranged 
as in figure 113. The sepals vary somewhat in size, both in the same 
and in different flowers, growing smaller, in general, with the diminishing 
size of the flowers as .the season of blooming progresses. In the present 
study no striking variations in the form or character of the sepals of S. 
media neglecta var. typica have been found. This is in contrast to the not 
unusual occurrence of such variations, as already reported, in 5 . aquatica. 
The great constancy in the number of sepals per flower is also worthy of 
note, considerably less variation existing here than in the sepals of S. 
aquatica. 

Typically there is a single two-lobed petal alternating with each sepal; 
the petals of the first flowers to bloom on a plant are more usually at least 
as long as or slightly longer than the sepals; those of the later flowers are 
shorter than the sepals. In S, aquatica there was some tendency for one 
of the petals to be missing. This tendency was not observed in S. media 
neglecta typica. Of the 4652 flowers examined only two had four petals, 
and these also had but four sepals, one petal alternating with each sepal 
(figs. 1 12 and 1 1 3). There is then apparently no notable tendency for the 
petals to disappear, at least not in plants grown in »pots in the greenhouse. 
This would tend to support the contention of Beguinot that presence and 
absence of petals is associated with varietal differences, to an extent at 
least, in contrast to the view of Kraft that environment is the controlling 
factor. Even when the plants were old and bearing small flowers they 
retained the full complement of petals. 

However, the occurrence of additional or supernumerary petals is by 
no means infrequent. In tables l and 2 are listed the ten positions lettered 


Table i. Number of Additional Petals and Additional Petaloid Stamens, Number of Petals 
in Place of Stamens, and Number of Petaloid Stamens in Each Position in Flowers 
Having the Sepals Arranged in Clockwise Sequence as in Text Figure i 


Sepal No. 

1425 

3 

Total 

Position in flower 

.. a k i h g f e d 

c 

b 

Additional petal 

. . 13 II 

15 

2 23 

Additional petaloid stamen 


2 

2 

Petal apparently in place of stamen. . 


16 

16 

Stamen petaloid 

I I I 

37 

I 41 


in the diagrams in figures i and 2, respectively; one petal is normally 
found in positions b, d, /, h, and k. In these tables, the additional petals 
found in each of the ten positions are enumerated. It is obvious that 
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supernumerary petals occur most frequently in position c; of a total of 
53 extra petals, 36 occurred in this position. By additional or super- 
numerary petals are meant petals that are in excess of the normal five, 
and that are not formed in place of any other floral part. 


Table 2. Number of Additional Petals and Additional Petaloid Stamens, Number of Petals 
in Place of Stamens, and Number of Petaloid Stamens in Each Position in Floivers 
Having the Sepals A rranged in Counterclockwise Sequence as in Text Figtire 2 


Sepal No. 

I 3 

5 

2 

4 

Total 

Position in flower 

.ah c d 

e 

/ g h 

i 

k 

Additional petal 

2 21 

I 

I 2 

3 

30 

Additional petaloid stamen 

5 

I 

I 

I 

8 

Petal apparently in place of stamen . . 

• I 13 




H 

Stamen petaloid 

. I 35 

I 

I 

I 

39 


The positions represented by the letters a~k in figures i and 2 are 
reduced almost to points in the actual flower; if the axis of the flower is 
considered to be elongated, as was originally the case if the flower is a 
modified shoot, then each of these positions would be extended into a line 
and the ten letters would then represent ten orthostiches. Figure 3 shows 
the parts of the flower, numbered to represent the ‘'genetic succession” 
of Wydler and Schimper and Braun. Since sepals and petals alternate, 
the angle of divergence is smaller between the last sepal (5) and the first 
petal (i) than between two successive sepals or petals; a similar condition 
obtains between the last petal and the first stamen. If the supposed spiral 
of the petals is continued, an additional petal would occur in position c — 
just where it is actually most frequently found. An additional petal, then, 
occurs just where it would most naturally be expected on the assumption 
that the flower originally had the parts spirally arranged, that this spiral 
has been condensed, and that the parts were arranged as suggested by 
Schimper and Braun. According to their ‘‘genetic succession” the next 
petal should occur in position c. 

As may be seen from tables i and 2, it happens not so very infrequently 
that a petal is present and the stamen which should occupy that position 
in the flower is missing. Of a total of 30 such cases, 29 occurred again in 
position c. Because of the closeness of the petaline and staminal whorls 
it is impossible to say with certainty that the petal occupies the place of 
the stamen. Preliminary investigation of the vascular system in a few 
such cases seems to indicate that the strand supplying such a petal originates 
like a petal strand, not like a normal stamen strand. The close reiationship 
between stamens and petals in these flowers is indicated by the frequent 
occurrence of petaloid stamens. Such structures may be in addition to 
the full complement of floral parts, or one of the usual stamens may be 
more or less petaloid. Additional petaloid stamens were found in eleven 
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instances; as shown in tables i and 2, eight of these occurred in position c. 
Substitution of a more or less petaloid stamen for a normal stamen occurred 
80 times among the 4652 flowers studied, and in 72 of these instances in 
position c again. Petaloidy of stamens may manifest itself in very varying 
degrees ; sometimes the anther is just slightly whitish and dilated in appear- 
ance, giving only a slight suggestion of the petaloid character; from this 
minimum condition there are all intergradations, till the state is reached 
in which there is just a very small sac containing a few pollen grains on one 
lobe of an otherwise normal petal. Flowers found having one or more 
petaloid stamens had in each case the full complement of five normal petals 
— in other words no tendency was noted for any of the normal petals to 
become staminoid. Since all intergradations exist between stamens and 
petals, and since, as shown in tables i and 2, a petal may occur in position 
c while the stamen usually found there is missing, there may be a tendency 
to regard the petal as a transformed stamen, contrary to the old hypothesis 
of metamorphosis. An objection to this argument, however, is that the 
stamen and the petal may both be present. 

The stamens of this variety of S. media show a much greater variation 
than any of the other parts, both in number and in the position that they 
occupy. The flower of maximum development typically has ten stamens, 
arranged in obdiplostemonous fashion, one corresponding to each of the 
positions lettered a~k in figures i and 2. The literature on the question of 
obdiplostemony has been summarized previously by the writer (1929) and 
the problem will be treated in a later investigation when the flower is con- 
sidered from the standpoint of its vascular anatomy. 

Floral diagrams showing the full complement of ten stamens are repre- 
sented in figures 5 and 6, the only difference in these figures being in the 
arrangement of the sepals. As shown in table 3, this number of stamens 
was more commonly found in the variety under consideration than any. 
other, occurring in 3597 flowers out of 4644 examined with the calyx normal. 
Of these 4644 flowers, some had one or more stamens modified, to a greater 
or less extent, into petals, and some also had an additional petal. This 
occurred for the most part in ten-stamened flowers. This maximum 
development may represent the original form in this genus, from which 
the fewer-stamened forms may have been derived. Such flowers in trans- 
verse section are as nearly bilaterally symmetrical as is possible with a 
calyx quincuncially arranged, the axis passing through positions d and i 
as indicated. 


Table 3. Number of Flowers with 2-11 Stamens 


Number of stamens 

II 

10 9 

8 

7 

6 

5 

4 

3 

2 Total 

Number of flowers found . 

9 

3597 426 

195 

115 

lOI 

123 

52 

25 

I 4644 


There were in all 426 flowers with nine stamens. There are obviously 
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ten positions in which a stamen can be missing; these are represented by 
the letters a-k in figures i and 2. Table 4 shows the number of times that 
a stamen was missing in each of these ten positions in flowers having two 
to nine stamens; flowers having the sepals in clockwise sequence as in 
figure I and those having them in counterclockwise sequence as in figure 2 
are here considered together, merely for convenience; as shown previously 
for Stellaria aquatica (1929) there is practically no other essential difference 
between flowers having the sepals in clockwise sequence and in counter- 
clockwise sequence. Of 426 nine-stamened flowers examined, none was 
found with the missing stamen in position e, while 114 such flowers had 
the missing stamen in the adjacent position/. 

As shown in table 5, the positions in nine-stamened flowers, in which a 
stamen may be missing, arranged in series, starting with the one of greatest 
frequency, are/, a, g, k, h, c, i, e. Although the total number of flowers 
with nine stamens was not large (426) the very great discrepancies in the 
frequency of the distribution of the missing stamen show without question 
that the arrangement of the stamens in such flowers is the expression of a 
definite internal organization. In 5 . aquatica, though the number of flowers 
with nine stamens was much smaller, this same position / was also most 
frequently involved. Figure 7 is a floral diagram of 5 *. media with a stamen 
missing in position /. Positions a and g (figs. 8 and 9) also had stamens 
missing very frequently; positions d, k, b, h, c, and i (figs. 10, ii, 12, 13, 14, 
and 15, respectively) less frequently. 




Text Figs. 3 and 4. Fig. 3. Flower parts numbered according to the ‘'genetic suc- 
cession" of the older authors, Schimper and Braun, Wydler, and Eichler. Fig. 4. Flower 
parts numbered according to a different “succession," suggested and discussed in the text. 

If in the above sequence — /, a, g, d, k, b, h, c, i, e — the numbers of the 
stamens as determined by the ^'genetic succession” assigned by the older 
authors are substituted for the letters of the positions (as in fig. 3), the 
sequence will be 8, 4, 5, 6, 7, 9, 10, i, 2, 3. It is evident that, according 
to this conception, the nine-stamened flower shows considerable order in 
the disappearance of the stamens. 
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However, if the positions a-k are arranged in descending series, depending 
upon the total frequency of missing stamens, not merely in nine-stamened 
flowers, but upon the total of missing stamens in all the flowers examined, the 
series is/, d, k, h, b, a, g, c, i, e, as shown at the bottom of table 5. If now 
the numbers of the ‘‘genetic succession'’ are substituted for the letters 
the sequence becomes 8, 6, 7, 10, 9, 4, 5, i, 2, 3. This gives no evidence 
of regularity in the disappearance of the stamens. However, this “genetic 
succession,” originated by Schimper and Braun and used by Wydler and 
others, was by no means universally accepted in the older literature (Eichler 
1875). One obvious weakness of such a succession as indicating an original 
spiral is that in passing from one set of flower parts, for example the sepals, 
to another, the petals, which alternate with the first, it is impossible to 
keep the same angle of divergence. Thus, going the shorter way, from 
sepal 5 to petal i the angle of divergence is smaller than that between 
sepals 4 and 5. (Schimper and Braun went the longer way.) In passing 
from petal 5 to stamen i there is again a smaller angle, according to the 
accepted “genetic succession” (shown in fig. 3). But the stamens may be 
numbered in a different sequence, stamen number i being opposite sepal 
number i, stamen number 2 opposite sepal number 2, etc. (fig. 4). This 
sequence is easily arrived at by increasing instead of decreasing the 
angle of divergence in passing from the fifth petal to the first stamen. 
Then the above mentioned series, denoting the frequency of missing stamens 
(/, d, k, h, b, a, g, c, i, e) becomes 10, 8, 9, 7, 6, i, 2, 3, 4, 5. This would 
strongly indicate that the petaline stamens tended to disappear from the 
uppermost one down, the sepaline from the lowest one up. Considered in 
this way the sequence in the disappearance of the stamens takes on a new 
significance. In the pine cone the upper and lower sporophylls become 
sterile; here, according to this “succession,” the stamens disappear from 
the top down and from the bottom up. 

Considering further the broader aspects of floral variations in S. media 
as brought out in tables 4 and 5, before going in more detail into the organi- 
zation of the particular flowers and their symmetry relationships, there are 
certain things that stand out. In the first place, a stamen is most frequently 
missing in position /. In four- and five-stamened flowers position k had a 
slightly greater number of missing stamens, but the differences there (one 
in each case) are so slight as to be negligible, while all the others and the 
total show stamens most frequently lost at /; as shown above this may 
be the uppermost one of an original spiral. Secondly, nine-stamened 
flowers not infrequently have a stamen missing opposite one of the outer 
sepals (positions a and g) ; in flowers with five and six stamens this was less 
frequently the case. In the third place, it may be said that in general the 
stamens opposite the petals are the first to disappear, and these in the se- 
quence indicated in table 5 ; next stamens opposite the outer sepals are lost ; 
those opposite the inner sepals are hardly ever missing. In the fourth 
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Table 4. Position of Missing Stamens in Two- to Nine-stamened Flowers 


Sepal Number 

I 


3 


5 


2 


4 


Position in Flower 

a 

b 

c 

d 

e 

/ 

g 

h 

i 

k 

Position of missing stamen in 
426 nine-stamened flowers 

103 

27 

2 

46 

0 

II4 

73 

23 

I 

37 

Position of missing stamens in 
195 eight-stamened flowers 

47 

33 

I 

70 

0 

99 

56 

38 

0 

46 

Position of missing stamens in 

1 15 seven-stamened flowers 

23 

42 

0 

60 

0 

76 

25 

60 

0 

59 

Position of missing stamens in 
loi six-stamened flowers 

20 

61 

0 

75 

0 

88 

16 

71 

I 

72 

Position of missing stamens in 
123 five-stamened flowers 

15 

114 

0 

117 

0 

119 

17 

II3 

0 

120 

Position of missing stamens in 
52 four-stamened flowers 

33 

48 

0 

49 

0 

51 

28 

50 

I 

52 

Position of missing stamens in 
25 three-stamened flowers 

25 

25 

0 

25 

0 

25 

25 

25 

0 

25 

Position of missing stamens in 

I two-stamened flower 

I 

I 

I 

I 

0 

I 

I 

I 

0 

I 

Total 

267 

351 

4 

443 

0 

573 

241 

381 

3 

412 

Position of additional stamen 
in 9 eleven-stamened flowers 

0 

I 

2 

0 

0 

0 

0 

r 

5 

0 


Table 5. Positions in Table 4 Arranged According to Frequency of Missing Stamens 



I 

2 

3 

4 

5 

6 

7 

8 

9 10 

Positions in nine-stamened 
flowers arranged in order of 
frequency of missing stamens 

/ 

a 

g 

d 

k 

b 

h 

c 

i e 

Positions in eight-stamened 
flowers arranged in order of 
frequency of missing stamens 

/ 

d 

g 

a, k 


h 

b 

c 

e, i 

Positions in seven-stamened 
flowers arranged in order of 
frequency of missing stamens 

/ 

d,h 


k 

b 

g 

a 

c, e, i 


Positions in six-stamened 
flowers arranged in order of 
frequency of missing stamens 

/ 

d 

k 

h 

b 

a, 

g 

i 

c, e 

Positions in five-stamened 
flowers arranged in order of 
frequency of missing stamens 

k 

f 

d 

b 

h 

g 

a 

c, e, i 


Positions in four-stamened 
flowers arranged in order of 
frequency of missing stamens 

k 

f 

h 

d 

b 

Cl 

g 


c, e 

Positions in three-stamened i 
flowers arranged in order of ^ 
frequency of missing stamens ( 

( a, b, d, 

\ f, i, h, 
k 







c, e, i 


Positions in two-stamened 
flowers arranged in order of ^ 
frequency of missing stamens 

( fl, b, c, 

Ft, g, 
l k,k 








e, i 

Positions of total arranged in 
order of frequency of miss- 
ing stamens 

f 

d 

k 

h 

b 

a 

g 

c 

i e 
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place, of 4644 flowers with five sepals examined, every one had a stamen 
opposite the innermost sepal (position e ) — a constancy that is remarkable; 
and only three flowers had no stamen in position i, and only four had none 
in position r, that is opposite the sepals next lower down. Such fixity of 
certain stamens, while others show such marked instability, is very striking. 

The foregoing facts deal with the number of stamens in a flower, without 
taking into account their orientation with reference to the sepals. Thus 
in a ten-stamened flower the stamens are arranged in just one way, typically. 
However, from a purely mathematical standpoint, in a nine-stamened 
flower having the sepals as in figure i, any one of the ten stamens could 
theoretically be missing; in other words a flower with nine stamens, mathe- 
matically considered, can have the stamens arranged in ten different ways, 
all having the sepals arranged as in figure i. Eight-stamened flowers 
may have the stamens arranged in 45 different ways, etc. The number of 
combinations of eight stamens in a flower having ten positions may be 
derived from the formula 


w 


a- 


n{n — i){n — 2) ^ (n — r + i) 

f ! 


in which n equals 10 and r equals 8 (or any other number of stamens — 
thus in seven-stamened flowers r would equal 7). Furthermore, since the 
sepals may be arranged either as in figure i or as in figure 2, it is obvious 
that there may be 2 different kinds of ten-stamened flowers, 20 different 
kinds of nine-stamened flowers, 90 different kinds of eight-stamened flowers. 
Since, however, flowers with the sepals as in figure i appear to be similar 
in structure to flowers with the sepals as in figure 2, being mirror images in 
floral diagrams, they may mathematically be considered together; this is 
done in the following table and floral diagrams. In table 6 are given the 
number of possible combinations of ten stamens, nine stamens, eight 
stamens, etc., and beside them the number that actually occurred. 

Table 6. Combinations of Stamens in Flowers Having 10 Stamens, p Sta7nens, 8 Stamens, etc. 


Number of Number of Percent of Possible 

Kind of Flower Possible Combinations Combinations 

Combinations Actually Found Actually Found 

1 0 “Stamened flowers i i 100 

9-stamened flowers 10 9 90 

8-stamened flowers 45 21 46.7 

7-stamened flowers 120 29 24.2 

6-stamened flowers 210 21 10 

5-stamened flowers 252 14 5.6 

4 “Stamened flowers 210 7 3.3 

3-stamened flowers 120 i 0.8 

2-stamened flowers 45 i 2.2 

i-stamened flowers. 10 0 0.0 

o~stamened flowers i 0 0.0 


Total 1024 104 
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As shown in table 6, the range of o-io stamens makes possible the 
existence of 1024 different kinds of flowers, each distinct in number or 
arrangement of stamens; and among 4644 normal five-sepaled flowers 
examined, just 104 were found; nor did these 104 occur with anything like 
equal frequency. It is evident immediately, then, that there is something 
more vital than mere “chance” which determines number and arrangement 
of stamens. 

Figures 6-109 are floral diagrams of these 104 floral types having 2-10 
stamens. These figures have the sepals either as in figure i or as in figure 2 ; 
actually, flowers exactly similar but having the sepals originating in the 
opposite way were found in nearly every case, and the two types of flowers 
are considered as one in each case as explained above. In table 7 the 
numbers of the floral diagrams together with the number of flowers of each 
type that was found are given. The number of flowers having the floral 
diagrams shown in figures 6-109 is given also by the number to the right 
of each number of the floral diagram. Thus the flower shown by figure 6 
was found 3543 times; that shown by figure 7 was found 113 times, etc. 
The numbers given in table 7 include the flowers listed in tables i and 2 
with one or more stamens partially or completely petaloid. This occurred 
for the most part in flowers with ten stamens. The numbers do not include 
flowers with supernumerary petals or petaloid stamens. 


Table 7. Frequency of Occurrence of Flowers Represented in Diagrams 6-1 og 


Diagram 

Number 

Number 
of Flowers 

Diagram 

Number 

Number 
of Flowers 

Diagram 

Number 

Number 
of Flowers 

Diagram 

Number 

Number 
of Flow^ers 

Diagram 

Number 

Number 
of Flowers 

6 

3543 

27 

7 

48 

4 

69 

10 

90 

3 

7 

113 

28 

5 

49 

3 

70 

6 

91 

3 

8 

98 

29 

4 

50 

2 

71 

3 

92 

2 

9 

73 

30 

4 

51 

2 

72 

3 

93 

2 

10 

45 

31 

3 

52 

2 

73 

3 

94 

2 

II 

37 

32 

2 

53 

2 

74 

2 

95 

2 

12 

26 

33 

I 

54 

2 

75 

2 

96 

I 

13 

22 

34 

I 

55 

2 

76 

2 

97 

I 

14 

2 

35 

I 

56 

2 

77 

2 

98 

I 

15 

I 

36 

I 

57 

2 

78 

2 

99 

I 

16 

41 

37 

15 

58 

I 

79 

2 

100 

I 

17 

29 

38 

II 

59 

I 

80 

I 

lOI 

23 

18 

15 

39 

10 

60 

I 

81 

I 

102 

18 

19 

15 

40 

7 

61 

I 

82 

I 

103 

4 

20 

14 

41 

7 

62 

I 

83 

I 

104 

3 

21 

13 

42 

6 

63 

I 

84 

I 

105 

2' 

22 

9 

43 

6 

64 

I 

85 

I 

106 

I 

23 

8 

44 

6 

65 

I 

86 

I 

107 

I 

24 

7 

45 

5 

66 

21 

87 

96 

108 

24 

25, 

7 

46 

4 

67 

18 

88 

4 

109 

I 

26 

7 

47 

4 

68 

16 

89 

3 




The discrepancies between the numbers of flowers in tables 3 and 4 
and those in table 7 (which are the same as those given on the floral dia- 
grams) are due to the occurrence of flowers, with varying numbers of sta- 
mens, which have additional petals or additional petaloid stamens, or which 
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have two or four carpels. These are included in tables 3 and 4, but not 
in table 7, There were 51 flowers with additional petals (including two 
with two additional petals) and ten with additional petaloid stamens. 
Of these 61, one (fig. 82), is included in table 7; of the remaining 60 five 
had eleven stamens. There were eighteen flowers with four carpels, and 
there was one with two carpels. Of these nineteen flowers, one (fig. no), 
did not have the sepals quincuncially arranged ; one also had an additional 
petal, and one other had eleven stamens. Adding to the remaining sixteen 
flowers the 60 mentioned above, the four additional eleven-stamened 
flowers, the seven flowers with four sepals, the one with the sepals not 
quincuncially arranged, and the 4564 flowers in table 7, the total of 4652 
flowers examined is obtained. 

It is evident at once from table 7 that flowers represented by certain 
diagrams occur much more frequently than others. Thus in this variety 
of S. media the ten-stamened form with other parts of the flower normal 
occurred 3543 times out of a possible 4652. The later formed flowers on a 
plant often have fewer stamens than the first formed; but even in spite of 
that, ten-stamened flowers are by far the most frequent. As shown in 
figures 5 and 6, flowers with ten stamens are as nearly bilaterally sym- 
metrical as is possible with a quincuncial calyx and as nearly radially 
symmetrical as possible with a quincuncial calyx and three carpels. Another 
very common floral type is that shown in figure 87; there the five stamens 
opposite the petals have been lost. A greater number of arrangements is 
possible in flowers with five stamens than in any other type occurring in 
S. media neglecta. In spite of this, 123 flowers showed only 14 different 
arrangements, and 96 of these 123 flowers had the stamens as in figure 87. 
Figure 87 again represents a flower that is bilaterally symmetrical and 
approaches radial symmetry. Twenty-four normal flowers with three 
stamens were found, and all of these had the stamens arranged as in figure 
108 — again a flower that is bilaterally symmetrical; although 120 different 
kinds of flowers are mathematically possible with three stamens, only this 
one occurred. Reduction in the number of stamens is very obviously 
going on in the flower of this variety of 5. media — reduction from ten 
stamens to three, or possibly to two. The five-stamened flower represented 
in figure 87 is apparently a stage in this reduction; the three-stamened 
form shown in figure 108 represents the maximum reduction typically 
attained in this variety; and the symmetry of these three forms, among all 
the types of flowers that occur here, is striking. Other symmetrical flowers 
are represented in figures 10, 15, 17, 27, 28, 41, 42, 69, 100, 104, 106, and 
1 13, and most of these occurred with some frequency. Symmetry relations, 
then, seem to play a part in determining the arrangement of the stamens 
in these various flowers. Grouping of the stamens on one side of the 
flower, as in figure 85, is not common. 

While symmetry relations determine in part the flower pattern, other 
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factors also influence the realization of this pattern. In a ten-stamened 
flower the stamens are symmetrically arranged and separated by equal 
distances; in a three-stamened flower the stamens are not separated by 
equal distances, but restricted to three of the original ten positions; heredi- 
tary limitations are apparently operative here. In spite of this, however, 
a bilateral symmetry is attained in the three-stamened flower. Sym- 
metrical flowers, however, are not always the most frequent. Thus figure 
15 represents a flower that is bilaterally symmetrical, but only one having 
this diagram was found (as shown in the number to the right of the diagram) , 
while the flower represented in figure 7, which is not symmetrical, occurred 
1 13 times. 

As shown in table 6, the eight-stamened flower can mathematically 
have the stamens arranged in 45 different ways; 195 normal flowers with 
this number of stamens were found, arranged in 21 different ways; certain 
arrangements were much more frequent than others (figs. i6--’36). Position 
/ here again was most frequently without a stamen. As may be seen in 
those figures, in the majority of cases the missing stamens were either two 
of the petaline whorl (figs. 16, 18, 20, 21, 22, 25, 26, 27, 28, 30) or they 
were those opposite the two outer sepals (fig. 17). There is, even here, a 
foreshadowing of the typical five-stamened flower (fig. 87), which can be 
attained by the loss of three additional stamens of the petaline whorl, and 
of the typical three-stamened flower (fig. 108), arrived at by the loss of 
five petaline stamens in the flower represented in figure 17. 

In seven-stamened flowers 120 different combinations are possible 
among the stamens; 29 of these occurred among the 115 flowers found 
with this number of stamens (figs. 37-65) ; 72 of these 115 flowers had three 
of the petaline stamens missing (figs. 37, 38, 39, 40, 41, 42, 44, 46, 47, 56) 
— suggesting again an approach to the typical five-stamened flower; of the 
remaining 43 seven-stamened flowers, eight (figs. 45, 55, 63) had the two 
stamens of the inner whorl, opposite the two outer sepals, missing — sug- 
gesting the three-stamened type (fig. 108). 

Flowers with six stamens permit of 210 different arrangements in the 
ten positions; 21 of these occurred among loi six-stamened flowers found 
(figs. 66-86). Of these loi flowers, no less than 71 (figs. 66, 67, 68, 69, 70) 
had all four stamens missing in the petaline whorl — in other words, by the 
loss of the fifth petaline stamen they would have attained the typical 
five-stamened form (fig. 87); and eight of the remaining 30 six-stamened 
flowers had the two stamens opposite the two outer sepals missing (figs. 72, 
73, 74) again indicating the condition attained in the typical three-stamened 
flower (fig. 108), which would be arrived at by the loss of three petaline 
stamens. These include the great majority of the flowers with six stamens. 

In figure 87 is shown the typical five-stamened flower; and this may be 
looked upon as one of the important points in this line of reduction from 
the ten-stamened flower. It is obvious that this flower approaches a 
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Text Figs. 29-52. Floral diagrams of Stellaria media. 
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condition of stable equilibrium in the orientation of its parts. Although 
the five stamens can change their positions (mathematically) in 252 different 
ways, only 14 of these were found among 123 five-stamened flowers (figs. 
87-I00); and of these 123, there were 96 with the stamens as in figure 87. 
The symmetry of this flower again is immediately obvious — it being almost 
perfectly bilaterally symmetrical (as much so as possible with a quincuncial 
calyx) and as nearly radially symmetrical as the calyx and three carpels 
will allow. It is from this typical five-stamened form that other varieties 
of S. media, mostly smaller forms, carry the reduction to three and even 
fewer stamens. Although the flowers with five stamens were typically as 
in figure 87, six, nevertheless, had the two stamens opposite the two outer 
sepals missing (figs. 93, 97, 98, 99, 100). 

Flowers having four stamens permit (mathematically) of 210 different 
stamen arrangements ; among the 52 flowers found only seven arrangements 
occurred (figs. 101-107). As shown in figures loi and 102, the four- 
stamened flowers most frequently have the five petaline stamens missing, 
and one of those opposite one of the two outer sepals — this being the case 
in 41 of the 52 flowers. Ten of the eleven remaining flowers (figs. 103, 
104, 105, 107) have but to lose a single petaline stamen to attain the typical 
three-stamened form. 

This three-stamened flower (fig. 108) seems to be a relatively stable 
thing. Although 120 different arrangements of these three stamens are 
mathematically possible, the twenty-four normal flowers found showed 
just a single one — that illustrated in figure 108. Other varieties of 5 . media 
also show the three-stamened form, some much more abundantly than 
S, media neglecta var. typica. The bilateral symmetry of this flower is 
again very noticeable. The principle of least surfaces, rather than the 
principle of functional hypertrophy, seems to be of importance here. The 
ten-stamened flower, with parts essentially in alternating whorls of fives, 
does not require such delicacy of response to contact and pressure as those 
flowers with fewer stamens and therefore with the parts not regularly 
alternating. Only a single flower with two stamens was found in this 
variety (fig. 109). 

In this reduction of the stamens there are then three types that are 
outstanding — the flower with ten stamens which serves as the starting 
point (figs. 5 and 6), the flower with three stamens, which in this variety 
represents the ordinary maximum reduction (fig. 108), and the intermediate 
type with five stamens (fig. 87). Furthermore, flowers with eight, seven, 
six, and four stamens show a decided suggestion in the arrangement of 
their stamens of the typical flowers with only five and three stamens. 
However, this is only a decided tendency and holds by no means without 
exception. 

Three-stamened flowers (fig. 108) have stamens i, 2, and 3 of the 
genetic succession of the older authors (fig. 3) and stamens 3, 4, and 5 of 
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Text Figs. 77 100. Floral diagrams of Stellaria media. 
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Text Figs, ioi~ii6. Floral diagrams of Stellaria media; the numbers in parentheses 
indicate how frequently a flower with each diagram occurred. 


the scheme shown in figure 4. The typical hve-stamened flower (fig. 87) 
has stamens i, 2, 3, 4, and 5 of both schemes. 

The first flowers to bloom on a plant usually have ten stamens, the 
later ones frequently showing reduction. This is very evident when 
records of the flowers on individual plants are kept. Table 8 shows the 
number of flowers with three to ten stamens on one plant, kept in the 
greenhouse, from the beginning of its flowering on April 14 to June 31. 
Observations were made at intervals of one or several days; since a flower 
is usually open just a single day, some were missed; but a representative 
number of all the flowers was studied, and all the flowers open on any of the 
days listed in the table were examined. This table shows that the first 
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formed flowers usually have ten stamens; that those later formed may 
have ten or fewer; and, furthermore, that flowers with three, four, five, 
six, seven, eight, nine, and ten stamens all occur on the same plant. Records 
kept of other plants showed essentially these same characteristics. 


Table 8 . Number of Floivers on One Plant ivith 10 to j Stamens on Respective Days 


Date 

10 

Number of Stamens 
9876 

s 

4 

3 

Date 

10 

Number of Stamens 

9 8 7 6 

5 

4 

3 

April 14. 

. I 

— 

— _ 

— 

— 

_ 


May 26 . 

“ 28. 

6 

3 

2 
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_ 

— 
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15. 

. I 

— , 

— — 

— 

— , 

— 

— 

4 

2 

— 

— 

— 

— 

— 

— 

i i 

19. 

. 2 

— , 

— — 

— 

— 

— ; 

— 

29. 

2 

3 

I 

I 

— 

— , 

— 

— 


21 . 

_ — 
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— 

— . 

— 

— 
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— 

3 

I 

— 

I 

— 
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— 
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— 
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__ 

— 

__ 

— 
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2 

2 

I 

— 

I 

2 

I 
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3 
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— 
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2 

I 
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— 

— 
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I 
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— 
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“ 7. 
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— 
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I 

— 
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— 

— 

— 
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I 
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— 

— 
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S. media neglecta var. typica normally has a single pistil composed of 
three carpels, with three stigmas; the capsule usually splits into six valves. 
The floral diagrams given by Wydler (1851), Eichler (1878), Pax (1889), 
Warniing (1920), Engler and Gilg (1924), Rendle (1925) and Troll (1928) 
all have one carpel directly opposite to sepal 2 (figs, i and 2), and the 
two other carpels oriented symmetrically on the axis thus established. 
Le Maout and Decaisne (1868) also figured a three-carpeled Stellaria with 
the carpels oriented somewhat differently; their diagram has been adopted 
by Pool (1929). Kraft (1917) remarks that the position of the carpels in 
relation to the sepals is not absolutely fixed, and figures it in flowers with 
varying numbers of floral parts. The figure of Wydler and Eichler has the 
carpels oriented in the way most usually found in tricarpellary flowers 
having five sepals quincuncially arranged. Eichler (1875, 1878) gave 
diagrams of flowers in various families in which this arrangement occurs. 
However, this is by no means universal; the same author also diagrammed 
flowers, having five sepals similarly arranged and three carpels, in which 
the carpels are not oriented in this way with reference to the sepals. In a 
few cases Eichler ’s diagrams of flowers with a five-parted calyx and three 
carpels show the same orientation that is given in figures Delphinium 

SiapMsagria, Tropaeolum majus and Aesculus Hippo castanum. It is 
significant that many years ago Rohrbach (1868, 1869) described and 
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figured the orientation of the three carpels in Silene and Tropaeolum exactly 
as they are given in figures 5-109; he stated that this was their more usual, 
though not unalterable, position. For the Caryophyllaceae, at least, this 
orientation has not received general acceptance. 

To determine the position of the three carpels by the position of the 
styles is difficult and unsatisfactory in 5 . media because of the ease with 
which they bend, and because of their delicacy; and to use the swellings 
on the ovary, while somewhat more accurate, also leaves much to be desired. 
The capsule splits into six valves ; three of the lines of dehiscence are opposite 
to, three alternating with, the three stigmas (Eichler 1878, Pax 1889). 
The splitting of the capsule, then, seems to offer the best method of deter- 
mining the position of the carpels. When the capsules are mature they are 
closely enveloped by the sepals, thus making the rather accurate determi- 
nation of the position of the carpels with reference to the sepals possible. 

Figures 117 and 118 show the position of the lines of dehiscence of the 
fruits with reference to the sepals in 50 flowers. In figure 117 the ten 
positions, a~k, of figure i are plotted; in figure 118 the ten positions, a-k, 
of figure 2 are similarly plotted. Then, in each of these figures the lines 
of dehiscence of the capsules of twenty-five flowers are given. It is evident 
at once that the lines of dehiscence (and presumably the styles) do not 
occur directly opposite position g of these figures; in other words a carpel 
does not tend to be directly opposite sepal 2 as Wydler, Eichler, etc., have 
represented it. Instead, this carpel is just a little to one side of position g. 
There is, however, a carpel nearly or directly opposite position d, and the 
other two carpels are symmetrically oriented with reference to this one. 
The results are practically identical, whether the sepals are arranged as in 
figure I or as in figure 2. The orientation of the carpels is apparently not 
absolutely fixed, with reference to the sepals, but is fairly constant. The 
position of the carpels is given in figures 5-109 on the basis of these observa- 
tions. Several hundred fruits were examined with this in mind — of which 
figures 1 17 and 118 show fifty. While this difference in the carpel positions 
from the previously published figures may seem slight and is not. absolute, 
it is of significance in that the symmetry relations within the flower are 
dependent, in part at least, on the orientation of the carpels. 

That the number of stamens in a flower does not materially affect the 
position of the carpels has been determined by studying the splitting of 
the capsules in flowers with various numbers of stamens. Although a 
flower is occasionally found with the carpels oriented as in Eichler’s diagram, 
this is not the rule— they are usually as in the accompanying diagrams. 
None of the parts of the flower are fixed in position with absolute rigidity; 
thus the distance between stamens also varies slightly ; sometimes when 
one stamen is missing the neighboring ones are slightly closer together. 

In S. aquatica there are typically five carpels arranged in positions 
d, f, h, k, figure 1 1 9,— that is, alternating with the five sepals. It has been 
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a k i h S f e d c b (a) 

I i I I I I ! 1 1 f I 



Text Fig. 117. Lines of dehiscence in the capsules of 25 flowers having the sepals 
overlapping as in figure i; the letters correspond with the positions designated by the 
letters <2-^ in figure I . 
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Text Fig.^ 118. Lines of dehiscence in the capsules of 25 flowers having the sepals 
overlapping as in figure 2 ; the letters correspond with the positions designated by the letters 
ci-k m figure 2. 
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shown previously (1929) that when one of the carpels is missing in S. 
aquatica, the four remaining assume the positions indicated in figure 120 — 
that is, the two carpels at b and k tend to be replaced by one at a. In 
S. media there are just three carpels, and apparently the two in positions f 
and h are replaced by a single one in position g', that at a shifting slightly 
to position a' (fig. 12 1). This makes a very gradual series — without the 



119 120 121 


Text Fig. 119. Axes h, d, f, ]i, k, of the five carpels in a normal flower of Stellaria 
aquatica. Text Fig. 120. Axes d, f, h, a, of the four carpels of a four-carpeled flower of 
Stellaria aquatica. Text Fig. 121. Axes d, g\ a', of the three carpels in a normal flower 
of Stellaria media. 

more violent readjustments necessary to attain the Wydler-Eichler orienta- 
tion, if, as is generally supposed, the three-carpeled form has been derived 
from the five-carpeled by reduction. This interpretation seems to fit the 
facts adequately. Both stamens and carpels, then, show a reduction; 
stamen reduction is taking place, and carpel reduction has apparently 
occurred. The three carpels are equidistant from each other. However, 
in a three-stamened flower, the three stamens are not separated by similar 
distances. To have the three stamens at equal distances from each other, 
two would have to be in positions not occupied by stamens in the ten- 
stamened flower. This apparently does not occur, and in this respect the 
stamens differ from the carpels. The orientation of stamens and carpels 
in a three-stamened flower is '‘economical” considered in the light of the 
space relationships of the older authors; that this economy may be an 
expression of minimum surface, and correlated with surface tension phe- 
nomena seems possible. 

While the usual number of stigmas is three, eighteen of the 4652 flowers 
examined had four stigmas, and one flower had two. While not enough 
flowers with four stigmas were found to permit definite conclusions as to the 
positions of the carpels, they seem to be similar in position to those in 
similar flowers of 5 . aquatica. In S, media typica trichocalyx (1930), in 
contrast to 5 . wedia neglecta typica, flowers with two stigmas occurred 
more frequently than flowers with four. Normal flowers, with three carpels, 
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have capsules which split into six valves; when there are lour stigmas 
however, the capsules may open by eight valves, or they may open by 

Discussion and Conclusions 

The data presented in the preceding pages illustrate the character and 
range of the nuinencal and spatial variations in the parts of the flowers 
of sS. medm neglecta typ^ca. A consideration of these variations, and 
especially of the positmn of their occurrence in the flower, brings out 

supposed. Thus supernumerary petals and supernumerary petaloid sta- 
mens occur m the majority of cases in definite positions in the flower; 
a stamens or petals apparently in place of stamens are almost 

° While these irregularities occur, they are rather 

fesflirSiied the flower that they may occupy, and all more or 

less limited to the one position (c). If the "genetic spiral” of the older 

authors IS accepted this is just the place in which such changes would be 
expec e to appear, if a previous spiral arrangement and reduction from 
more numerous floral parts are postulated. 

^ The stamens show by far the greatest variation both in number and 
in arrangement. The normal, apparently original, and most frequent 
umber of stamens is ten, arranged in obdiplostemonous fashion opposite 
e sepa s an petals , this is the number most frequently found in the first 
owers on a p ant. It has been shown by various writers that in S, media 
e variation m .the number of stamens is correlated with available food 
^pply and those conditions which affect the metabolism of the plant. 

1 plants at first show fewer stamens than vigorous green 

p an s o . media typica trichocalyx; in the same variety it has been shown 
a removing the flowers after blooming and thus preventing seed-setting, 
plants that have been flowering, also cause an increase 
m e num ei of stamens, very ostensibly by decreasing the drain on the 
00^ supp y which the maturing of seeds entails. In general the larger 
vane les o 6*. media have a larger number of stamens, and the flowers 
beginning (though sometimes not at the very beginning) 

Q e owermg period have more stamens than the later formed flowers. 

ouris ment, in a broad sense, plays a part in determining the number 
of stamens. 

Perhaps it also plays a part in determining their position; for this, 
owever, t ere is no evidence. The possibility of correlating the disap- 
peaiance 0 the stamens with the theory of reduction from a type with 
un^rous oral parts, spirally arranged, has been taken up; according to 
T ^ imper and Braun spiral, the disappearance, except in the case of the 
me starnened flowers, shows no great regularity ; according to the scheme 
jven m gure 4, however, the petaline stamens seem to disappear from the 
ppermost one downward, the sepaline from the lowest one upward. Too 


504 


AMERICAN JOURNAL OF BOTANY 


[Vol. 19 


much emphasis should not be placed on these ''spirals” however, since the 
real evidence for their existence is very limited. If the flowers of this order 
have come from a primitive type with more numerous stamens and pistils, 
as is often supposed, it is not known which sporophylls were lost before the 
present ten-stamened form was evolved. 

The ten-stamened flower of 5 . aquatica, with parts in multiples of five, 
is radially symmetrical. When the stamens and carpels become reduced 
in S. media, the expression of complete symmetry is usually no longer 
possible, since the stamens are limited in their distribution to the ten posi- 
tions that they occupied in the ten-stamened type. Even in flowers with 
fewer than ten stamens, a bilateral symmetry is often achieved as shown 
in the floral diagrams. The symmetry of these flowers is, in part at least, 
an expression of surface tension phenomena; these can be realized, however, 
only within the limits set by inherited tendencies. Reduction in the 
number of flower parts is very obviously going on. 

Examination of figures 5-116 shows that the Hofmeister theory that 
available space in the flower is the determining factor in orientation of 
floral parts sometimes does not hold. Thus among others, figures 51, 54, 
72, 77 , 78, 79 , 82, 83, 85, 86, 88, 89, 92, 96, 97, 98, 99, 103, 104, 105, and 
107 all have the stamens arranged in a fashion that does not make the most 
economical use of the available space. Symmetry patterns and economy 
in the utilization of available space usually go hand in hand. Hofmeister 
also admitted the r 61 e that equilibrium in the sense of balance between 
parts may play. 

The evolution of whole lines of development in the plant kingdom is 
based, to no small extent, on the reduction in the number of stamens and 
pistils, notably in the order of the Chenopodiales. In the species and 
variety under consideration a similar reduction, at least in the stamens, 
takes place not merely in the same species or variety but actually on one 
plant. That nourishment may have played a part in the evolutionary 
development in this alliance as it does in the individual plants of S. media 
seems possible. 

Highly specialized organs of complex mechanism, that demand perfection 
in order to be of use to the living individual, cannot, as assumed in the 
theory of natural selection, be conceived of as passing through a long series 
of changes, throughout which they would remain useless. In the flowers 
of S, media, the symmetrical three-stamened form is not derived directly 
from the five- or ten-stamened form through any absolute series of sym- 
metrical types. There are intermediate forms with four, six, seven, etc., 
stamens that are not symmetrical; however, in spite of this, it has been 
shown that the four-, six-, and seven-stamened flowers in many eases give 
an indication in the arrangement of their stamens of the ultimate types 
that are to be attained; and the intermediate types are frequently not 
symmetrical nor in any obvious way more effective by this suggestion of the 
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final type. This is a good example of evolution involving increased delicacy 
of response to the internal environment. S. media gives concrete evidence 
as to the nature of the laws of variation. Although the range of variations 
in this species is great, it is limited by such factors as heredity, nutrition 
and symmetry relationships, and because of this we are able to recognize 
Siellaria media, and the varieties of which this species is constituted. 

Summary 

In Stellaria media neglecta typica: 

1. Additional petals and petaloid stamens as well as apparent substitu- 
tion of petals for stamens, and petaloid for normal stamens, all take place 
most frequently in one position in the flower (position c). 

2. Petaline stamens, especially the one in position/, are most frequently 
lost; stamens opposite the two outer sepals are also frequently missing. 

3. The ten-stamened flower (figs. 5 and 6) is by far the most abundant 
of this variety; from this reduction takes place, giving, through various 
intermediate stages, a five-stamened flower (fig. 87), and a three-stamened 
type (fig. 108), both of which occur relatively frequently. 

4. Flowers with two to ten stamens may all occur on the same plant. 

5. The position of the carpels as found in the flowers studied differs 
slightly from that published in the older works and is apparently correlated 
with their reduction in number from five to three. 

6. The occurrence of supernumerary petals, as well as the disappearance 
of the stamens, have been considered from the standpoint of the existence 
of a possible original ^^spiraF’ arrangement within the flower; according 
to one of these '‘spirals,” the microsporophylls disappear from the upper- 
most one down and from the lowermost one up; those nearer the center of 
the axis are much less frequently lost. 

7. Flowers that approximate bilateral and radial symmetry are much 
more common than those that are wholly asymmetrical; that surface 
tension phenomena prevailing during flower development may play some 
part in determining the distribution of the flower parts seems possible ; 
but that the reduction of floral parts limits the expression of these sym- 
metries seems unquestionable. 

I feel indebted to Professors C. C. Curtis and R. A. Harper for their 
stimulating suggestions and criticisms. 

Columbia University, 

New York City 
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STOMATAL APPARATUS OF THE CULTIVATED CRANBERRY 
VACCINIUM MACROCARPON 

Wm. H. Sawyer, Jr. 

(Received for publication January 6, 1932) 

During studies upon carbohydrate production in leaves of cultivated 
cranberry varieties, certain previously unrecorded facts relating to the sto- 
mata and guard cells were observed ; and since it appears that little atten- 
tion has been paid to these structures in the Ericaceae, particularly in the 
subfamily Vaccinioideae, it seems worth while to make the following record 
of the features observed. 

Number and Distribution of the Stomata 

The thick, narrowly-elliptical leaves of the cranberry plant are very 
small (2 to 3 mm. broad and 5 to 8 mm. long in the Early Black variety). 
They occur almost entirely upon the vertical offshoots which arise from 
the long horizontal runners; it is, of course, the distal portions of these 
“uprights” which bear the leaves of the current season, while the basal 
parts are clothed with the preceding season's foliage. 

Leaves for stomatal study were selected as follows: from any upright, 
chosen at random, collections were made from the tip, middle, and base 
of the current season’s growth, and from old leaves of the preceding year. 
For a given variety, ten leaves were collected from each of the four areas, 
each leaf from a different upright. The leaves were fixed in absolute 
alcohol as collected, and two days later were transferred to a mixture of 
equal parts of 95 percent alcohol and glycerine. To prepare the epidermis 
for stomatal count, small pieces were shaved off with a safety razor blade, 
mounted in a mixture of glycerine and alcohol tinted with Brom Phenol 
Blue, and examined under a four millimeter objective. Accurate counting 
was facilitated by placing cross hairs in the 10 X ocular to divide the field 
into quarters, and by using a mechanical tabulator for registering the 
numbers. The diameter of the microscopic field with tube length at 
150 mm. was .382 mm., and its area was .114 sq. mm. As many fields 
were counted, from different leaves, as seemed necessary to give a true 
average, from which the total number of stomata per square millimeter of 
leaf surface was computed. 

All stomata are located on the under side of the leaf. The midrib, the 
petiole, and a narrow zone bounding the periphery of the blade are free 
from openings, but with these exceptions stomata occur profusely through- 

^ This paper is published as Massachusetts Agricultural Experiment Station Contribu- 
tion No. 137, 
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out the lower epidermis. Their distribution, however, is somewhat uneven. 
In all leaves stomata are slightly more numerous along the border of the 
peripheral free area than nearer the midrib. Moreover, in young leaves 
(leaves of the current season) the stomata are most numerous per unit 
area at the tips and the younger the leaf, the greater is this number in 
comparison with other regions. This may be noted by reference to table i , 


Table i. Average Number of Stomata per Square Millimeter in Cranberry Leaves 


Variety 

Tip Leaves 

Tip Middle Base 

Middle Leaves 

Tip Middle Base 

Basal Lccives 

Tip Middle Base 

Old Leaves 

Tip Middle Base 

Early Black .... 

00 

624 

763 

666 

587 

754 

649 

587 

570 

570 

570 

Pride 

736 745 

666 

728 

675 

640 

587 

578 

561 

605 

570 

456 

McFarlin 

728 684 

596 

640 

640 

631 

605 

570 

509 

570 

491 

456 

Howes 

684 640 

535 

684 

649 

631 

605 

596 

631 

596 

596 

596 

General Average 

Tip Leaves 

Middle Leaves 

Basal Leaves 

Old Leaves 

Early Black .... 

742 



672 



663 



570 


Pride 

.... 716 



681 



575 



577 


McFarlin 

670 



637 



561 



506 


Howes 

620 



654 



610 



596 



where it will be seen that in the Early Black variety, for example, the top- 
most leaves, which are the youngest of the foliage, have an average of 871 
stomata per square millimeter at the tip as compared with only 624 at the 
base, while in the oldest leaves of the same variety the number is the same 
(570) for both tip and base of leaf. The explanation for this difference lies 
in the fact that as the leaf matures, the tip is the last part of the blade to 
reach full expansion, and therefore the stomata in this area are not as widely 
spaced as in the more mature portions of the leaf. 

Reference to the table will also show that the average number of stomata 
per square millimeter for the whole leaf is greatest for the topmost leaves, 
and in general becomes progressively less in leaves toward the base of the 
upright. This difference is due to the same condition outlined above, 
that is, the topmost leaves are the youngest, and because they have not 
reached full expansion, the stomata are more crowded than in the older, 
lower leaves. Rea (3) has called attention to a somewhat similar condition 
in Campanula^ where the number of stomata per square millimeter on the 
upper leaf surface was found to increase with higher position on the shoot, 
and on the under surface with increase of illumination and dryness of 
habitat. It is difficult to understand how differences in light intensity or 
other external factors can affect the number of stomata, since they are 
already formed in the bud and their number for the leaf determined before 
the blade is exposed to environmental influences. It seems possible, 
therefore, that in Campanula also the number per unit area is determined 
by the degree of expansion of the leaf blade. 
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The total number of stomata per square millimeter of leaf surface, in 
comparison with other plants, is extremely high in cranberry leaves. Weiss 
(7) counted the stomata in one hundred and sixty seven species of flowering 
plants (which included only one ericaceous species, a Rhododendron) and 
found that for the under surface of the leaf, the number ranged from 625 
in Olea Europea to 12 in Rhipsalis crispata; and in the upper epidermis from 
309 in Brassica palustris to 7 in Tradescantia subospera. Other plants than 
the olive which were found to have large numbers of stomata per unit area 
were CelHs occidentalism 616 per square millimeter, Fraxinus tamariscifoliam 
600, Acer platanoides, 550, and Morus alba, 480. Comparison of these 
plants show that number of stomata is in no way correlated with size or 
structure of the leaf; certainly the leaves of cranberry, olive, maple, and 
mulberry have little similarity in size or texture. It should be noted, 
however, that in all these plants with high stomatal count, the openings 
are restricted to the epidermis on the under side of the leaf. The average 
number of stomata in cranberry leaves for the four varieties studied, 
young and old leaves taken together, is 632 per square millimeter. This 
exceeds Weiss’s figures for the olive, and is the highest count that the writer 
has found recorded for any plant. In a recent paper on stomata in citrus 
leaves, Reed and Hirano (4) have found average numbers in the tip, middle, 
and base of lemon leaves which give a total average for the leaf of 623, 
very near the average for cranberry leaves. Examination of Vaccinium 
oxycoccoSm the wild “moss-cranberry,” indicates that this species has 520 
stomata per square millimeter on the old leaves, a lower count than for the 
varieties of V, macrocarpon studied with the exception of the McFarlin 
variety. Gleisberg (i) states that in Europe there are 6 to 10 stomata per 
linear 100 11 in V, oxycoccoSm which would make the number per square 
millimeter considerably larger than found by the writer. 

When comparison was made of the stomata and guard cells of different 
varieties, it was found that these structures in the Early Black, Howes, and 
McFarlin varieties are similar in size, with guard cells that average 21.75 
in length with an average breadth of 18.0 ju across the two cells. Guard 
cells of the Pride variety are slightly larger, 22.35 M by 19.35 MI while 
in V. oxycoccus the measurements 21.0 ju by 18.75 indicate that the 
pair of guard cells forms a slightly more rounded unit than in the other 
types. In the varieties studied there is no measurable difference in the 
stomatal slit, which averages from 5 ju to 7 /x in length and, when fully 
opened, 2 ju in breadth. 

Examination of leaves of the high bush blueberry, F. corymbosumm 
disclosed that here also the stomata and guard cells are restricted to the 
under surface and that in structure, size, and number they closely simulate 
comparable structures in the cranberry leaf ; indeed, the stomatal apparatus 
in the two plants is so similar as to be indistinguishable, although the other 
leaf structures have well-defined differences. 
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Structure of the Stomatal Apparatus 

The general orientation of the guard cells is lengthwise of the leaf ; 
many, however, are placed more or less obliquely, and occasionally a pair 
will be found with the long axis of the cells crosswise of the blade. The 
stomata never open wide, and as a result opposed faces of the guard cells 
form nearly a straight line. The outer surfaces are typically crescentic, 
however, and the two cells form an elliptic-oval shaped unit. The walls 
are convex and much thinner than in the adjoining epidermal cells. The 
nuclei average about 6 /z in diameter, which is about two-thirds the diameter 
of the whole cell, and they are spherical or oval in shape (PI. XLI, fig. i). 

The ordinary structure cells of the epidermis should receive brief mention 
at this point. They form a distinct pattern with the guard cell units, in 
which the latter are bounded on either side by a narrow epidermal cell, 
concaved to fit around the guard cell, and the transverse row thus formed 
alternates with a row of larger, elongate epidermal cells, which have their 
long axes crosswise of the leaf; this row contains no guard cells. All 
these structure cells of the epidermis have thick walls with prominent 
middle lamellae and simple pits which are most numerous in the walls 
parallel to the long axis of the guard cells. The nuclei are slightly smaller 
than those of the guard cells. These details may best be seen in figure 2. 

The wall of the guard cell, as seen from the external surface, is uniform 
in its appearance (fig. 3). When viewed from the side adjacent to the 
chlorenchyma, however, the ends of the guard cells at a certain depth of 
focus appear as though distended into pouches (fig. 4) ; this appearance is 
misleading and is due, not to a distension of the guard cell ends, but to a 
thickening of the cell wall. It is interesting that this pouch-like appearance 
closely simulates the “polar vesicles” described for Camarina by Rehfous 
(5), and the appearance of the guard cells of Fsilotum described by Zimmer- 
mann (8), but these investigators found an actual distension of the ends 
of the guard cells, connected by a narrow canal, whereas in the guard cells 
of Vaccinium the lumen is uniform in diameter throughout its length. 

The stomatal opening is best studied in median cross sections through 
the stomatal apparatus. In such sections the guard cells are asymmetrically 
pear-shaped with relatively thin cellulose walls and homogeneous, finely 
granular protoplasmic content (figs. 5, 6, 7, and 8). Where each guard 
cell joins the inner wall of the adjacent structure cell, there is a thickening 
of the cellulose, which appears in transverse section as a slightly over- 
hanging projection; this pair of thickened areas, one on either side, thus 
forms a gateway between the stoma and the adjacent intercellular air 
chamber. This “gate,” it should be noted, is always open, as is the slit-like 
opening in the cuticle on the outer surface of the epidermis, and the opening 
or closing of the stoma is entirely determined by change in shape of the 
guard cells, which, when rounded out by increased turgor, press firmly 
together and close the stoma. 
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The intercellular air chambers are comparatively small in cranberry 
leaves and may be restricted to a narrow space above the stoma between 
the inner walls of the epidermal cells (fig. 8). 

Microchemical tests of thin, freshly-cut sections with chlor-iodid of 
zinc gave a deep yellow color in the thick outer walls of the structural cells 
of the epidermis, indicating heavy cutinization, while the inner and cross 
walls of these cells, and the walls of the guard cells, gave the blue reaction 
for cellulose. 

The distribution of chloroplasts in the epidermis is noteworthy. Guard 
cells, the usual seat of plastids, never contain chloroplasts in the cranberry 
leaf. The other cells in the lower epidermis do, however, contain proto- 
plasmic bodies which in size and appearance are identical with the chlor- 
enchyma plastids (figs. 5, 6, and 8). Iodine solution did not give the blue 
reaction for starch in these structures, but their similarity to the chlor- 
enchyma plastids, and the fact that like bodies are found in the upper 
epidermal cells that do give a starch reaction with iodine, seems good 
evidence that they are true chloroplasts. 

Behavior of the Stomatal Apparatus 

Stomata in cranberry leaves never open widely, as they do in the potato 
and other plants studied. The behavior of the guard cells in regulating 
the stomatal openings is very erratic; under identical conditions the guard 
cells not only in different varieties, but even in the same leaf, may act 
very differently, some of the stomata being open while others are tightly 
closed. Sayre (6), Loftfield (2) and others have found in several plants 
that stomata tend to close at midday, and in a general way the guard cells 
in cranberry leaves function similarly. This behavior, it may be noted, 
is correlated with photosynthetic activity, which ordinarily reaches its 
peak in the late forenoon. In general it would appear that the stomatal 
apparatus in cranberry leaves is poorly adjusted to changing conditions 
of light, temperature, and moisture, and responds slowly or sometimes not 
at all to these environmental factors. 

About seventy-five varieties of Vaccinium macrocarpon Ait. are in 
cultivation in the different commercial cranberry areas in this country at 
the present time. Of these many varieties, the four chosen for study 
represent quite different types, and it was hoped that differences might 
be found in the stomatal apparatus which would further emphasize their 
divergence. It does not seem, however, that the variations in number, 
structure, or behavior of the stomata and guard cells are great enough to 
have any taxonomic or physiologic significance. 

Summary 

1. The stomatal apparatus was studied in four cultivated varieties of 
the cranberry, Vaccinium macrocarpon, 

2 , No differences of taxonomic or functional significance occur among 
the four varieties. 
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3. The average number of stomata per square millimeter is 632, which 
seems to be the highest number ever recorded for any plant. Stomata 
occur only on the under side of the leaf. 

4. No chloroplasts are found within the guard cells, but chloroplasts do 
occur in the other epidermal cells on both sides of the leaf. 

5. The stomatal apparatus is poorly adjusted in function to changing 
environmental factors of light, temperature, and moisture. 

6 . The stomatal apparatus in V. macrocarpon and in the high-bush 
blueberry, F. corymhosum, is identical in every respect. 

This work was done in the course of investigations on cranberry problems 
for the Massachusetts Agricultural Experiment Station, at the cranberry 
station at East Wareham, Massachusetts. To Dr. H. J. Franklin, in charge, 
the writer expresses appreciation for his guidance and unfailing interest. 
Bates College, 

Lewiston, Maine 
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DESCRIPTION OF PLATE XLI 

Fig. I. External surface of lower epidermis of cranberry leaf. The shape, compara- 
tive size, and structure of the guard cells and structure cells may be noted, also comparative 
thickness and pitted character of the walls. X 650. 

Fig. 2. Lower epidermis, as viewed from inside. Note particularly the thickened 
areas at the ends of the guard cells. X 650. 

Fig. 3. Guard cell unit and adjacent cells, showing features of figure i in greater 
detail. X 850, 

Fig. 4. Detail of figure 2. X 850, 

Fig. 5. Cross-section through lower epidermis and adjacent chlorenchyma cells of 
young leaf of Early Black variety, showing two guard cell units and their stomata. Note 
the chloroplasts in the spongy parenchyma cells, and similar bodies in the epidermal cells; 
also absence of these structures in the guard cells. X 650. 

Fig. 6. Cross-section through young leaf of Howe variety; structural features as 
above. X 650. 

Fig. 7. Cross-section through old leaf of Early Black variety. X 650. 

Fig. 8. Cross-section through old leaf of a.Tycoccwy. X 650. 



ON THE NUTRITION OF THE CULTIVATED MUSHROOM, 
AGARICUS CAMPESTRIS, AND THE CHEMICAL 
CHANGES BROUGHT ABOUT BY THIS 
ORGANISM IN THE MANURE 
COMPOST 1 

Selman a. Waksman and W. Nissen 
(Received for publication January 9, 1932) 

In the study of the nutrition of the cultivated mushroom, Agaricus 
(PsaUiota) campestris, and the chemical changes that are brought about 
when this organism is cultivated upon composted horse manure, two 
definite processes must be recognized: i, the transformations of the various 
organic and inorganic constituents of the manure by the numerous micro- 
organisms during the process of composting; 2, the transformations of the 
organic and inorganic constituents of the compost when it is placed in the 
mushroom house and inoculated with the mycelium (''spawn’’) of the 
mushroom, from the time of "spawning” until the residual manure is 
finally discarded as "spent manure”; these changes are due primarily to 
the nutrition of the mushroom fungus itself. It is essential to obtain this 
information before an attempt can be made to develop an artificial manure, 
or a compost prepared entirely from plant residues and inorganic fertilizers, 
without depending on the excreta of the horse or other animals. 

A detailed review of the earlier literature on the growth and nutrition 
of the mushroom is found in the work of Hoffmann (6, 7), Ferguson (i a), 
Repin (9) and Hein (3). Styer (10, ii) has shown that the mycelium of 
the mushroom will grow on a variety of substances, including sugars, 
hemicelluloses, cellulose, lignin and proteins. Hein (4, 5) and Lambert (8) 
found that artificial composts can be readily prepared, which will allow 
the mushroom to grow and reach a marketable size. Falck (i) prepared a 
manure compost by the "hot fermentation” process, which was found to 
lead to a destruction of the cellulose and to an enrichment in the lignin 
content. When the mushroom fungus is inoculated into this compost, 
it was found to bring about a process of corrosion, the latter term being 
used to designate the decomposition by the organism of both the cellulose 
and the lignin. Falck suggested that the process of preliminary composting 
of the manure must be interrupted in time so as to leave a certain amount 
of cellulose for the needs of the corrosive fungus. Waksman and McGrath 
(13) traced the chemical changes that take place in the composting of 

1 Journal Series paper of the New Jersey Agricultural Experiment Station, Department 
of Soil Chemistry and Bacteriology. 
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manure and during the growth of the mushroom, and found marked differ- 
ences in the chemical changes brought about by the microorganisms during 
the first and second stages of the decomposition of the manure and the 
manure compost. Significant losses of cellulose and lignin were observed 
as a result of the growth of the mushroom, accompanied by marked increases 
in the water-soluble substances. Recently Waksman and Nissen (14) 
demonstrated that the lignin and the protein of the compost form the 
most essential nutrients in the growth of the cultivated mushroom. 

The following studies were outlined for the purpose of establishing: i, 
the changes brought about in the chemical composition of manure composts 
at different stages of the development of the compost, and especially as a 
result of the growth of the Agaricus campestris; 2, the chemical changes 
taking place in specially prepared composts, which have been kept under 
constant conditions with careful records regarding the losses in weight 
and the temperature changes, both during the process of preliminary 
composting and during the growth of Agaricus campestris in the mushroom 
house; 3, the chemical changes produced in the organic constituents by 
Agaricus campestris grown in pure culture, in bottles, on sterilized fresh 
and composted manure. The methods of analysis used in these studies 
were those described by Waksman and Stevens (15). 

Chemical Changes Produced in Composts of Horse Manure by the 
Growth of Agaricus campestris 

For this study a series of five samples were obtained from manure 
composts, at different stages of decomposition, and from composts in which 
the mushroom was growing, from each of three mushroom growers. It is as- 
sumed that the manure used by each grower was the same in the case of all the 
composts, from which the five different samples were obtained. However, 
an appreciation of the variability of the manure obtained through an agent 
from city stables leaves much to be expected in this connection; further, 
the fact that in some cases the fresh manure was used immediately when 
brought from the stable for the preparation of the compost, and at other 
times the manure may have been kept in large heaps for many months, 
will serve further to increase the variability of the material used. With all 
these limitations in mind, the changes observed in the chemical composition 
of the manure, as a result of composting and as a result of the growth of 
the mushroom in the compost, will be found to be quite significant. The 
sources and nature of the fifteen samples of manure used in this experiment 
are briefly summarized in table I. 

The results of analysis of the proximate chemical composition of the 
various samples are given in tables 2-“4. These results show that the 
chemical composition of the manure varied in the three houses ; the manure 
used in series C had a considerably higher ash content and a much lower 
nitrogen content than the other manures. Where the nitrogen content was 
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Table i. Description of Composts from Which Samples were Obtained 


Source of Manure 


No. of 
Sample 


Willits & Son* i 


2 


3 

4 

5 


Chester Co. Laboratories* . . 6 


9 


E. J. Jacob, Inc.* ii 

“ 12 

" “ “ " 13 


Moisture 
Content of 
Fresh Material, 
Percent 


Series A 

Manure pile, 3 weeks after third turning, 
about to go into the mushroom house 59.7 

Bed spawned 2 weeks, no spawn included 
in sample ^ ^ 54,6 

Bed spawned 4 weeks, with spawn included 40.8 

Bed at second break of mushrooms 44.1 

Bed at third break, house continued to 
yield a crop 2-3 months longer 37.6 

Series B 

Bed spawned 2 weeks, no spawn in sample 47.8 
Bed spawned 2 weeks, with spawn in sample 
(same bed as sample 6) 42.1 

Bed after 5 weeks of mycelium development 41.3 
Bed with 8 weeks of mycelium develop- 
ment, just beginning to bear mushrooms 43.3 
Bed bearing 2 months, continued to bear 
3 months longer 37.2 

Series C 

Manure pile, at time of filling beds 55.3 

Bed 2 weeks after spawning, no spawn in ^ 
sample ^ 44.7 

Bed spawned 5 weeks, with mycelium 39.8 

Bed at 2nd break of mushrooms 49.9 

House nearly finished 41.0 


Manure used in all the five samples is from the same source, and presumably the same. 


Table 2. Chemical Composition of Samples in Series A, Percent Basis of Dry Material 


No. 

of 

Sample 

Water-Soluble Nitrogen 

Total N NH.1-N 

Total 

Nitrogen 

Hemicel- 

luloses 

Cellulose 

Lignin 

Ash 

X 

0.254 

0.009 

2.757 

7-93 

12.94 

29.99 

27.13 

2 

0.204 

0.037 

2.606 

5-57 

7.18 

32.05 

44-32 

3 

0.328 

0.088 

2.206 

6-57 

8.69 

21.80 

42.38 

4 

0.346 

0.076 

1.729 

5.10 

4.49 

22.59 

48.96 

5' 

0.368 

0.077 

2.205 

4-58 

3-89 

24.90 

49.89 


Table 3. Chemical Composition of Samples in Series B 


No. 

of 

Sample 

Water-Soluble Nitrogen 

Total N NHa-N 

Total 

Nitrogen 

Hemicel- 

luloses 

Cellulose 

Lignin 

Ash 

6 

0.185 

0.003 

2.497 

7-35 

13-15 

31-89 

26.19 

7 

0.304 

0.021 

2.316 

6.27 

11.96 

27-39 

33-13 

8 

0.396 

0.085 

2.594 

7.27 

9.08 

28.35 

32.98 

9 

0.517 

0 .I 2 I 

2.037 

6.08 

6.62 

23.96 

49-59 

10 

, — ■ 

— 

1.444 

3-87 

4-74 

21.91 

62.74 
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Table 4. Chemical Composition of Samples in Series C 


No. 

of 

Sample 

Water-Soluble Nitrogen 

Total N NH:i-N 

Total 

Nitrogen 

Hemicel- 

luloses 

Cellulose 

Lignin 

Ash 

II 

0.187 

0.002 

1.474 

6.01 

13.82 

23-95 

44.79 

12 

0.159 

0.009 

1-745 

5-10 

7.68 

24.47 

51-15 

13 

0.174 

0.054 

1-635 

379 

6.17 

21.60 

58-58 

14 

0.379 

0.052 

1-757 

3.80 

6.06 

21.85 

53-90 

X5 

0.279 

0.023 

1-717 

2.87 

5.06 

16.57 

59-05 


low at the beginning, as in series C, there was a gradual increase in total 
nitrogen with the growth of the mushroom. Where the nitrogen was high 
at the beginning of composting, the relative nitrogen content gradually 
diminished. It is important to note the rapid increase in the total water- 
soluble nitrogen and especially of the ammonia with the advance of the 
growth of the mushroom. During the most active stage of mycelium 
development, when the mushrooms were formed, as much as 20 to 25 percent 
of the total nitrogen in the bed was in a water-soluble form. The ammonia 
made up an important part of this water-soluble nitrogen at this stage of 
mushroom growth. 

As to the organic constituents of the compost, the following changes 
are noted: during the first two stages, when the mycelium of the mushroom 
has not developed as yet or only to an insufficient extent, there is a decrease 
in the cellulose and hemicellulose content and an increase in lignin content. 
The dry weight of the manure was thereby gradually reduced, as shown 
by the increase in the relative ash content. However, when the mushroom 
development became extensive, as during the third and fourth stages, there 
was a gradual reduction in the lignin content. Since the ash content 
continued to increase, one may conclude that although the organic matter 
of the bed was decreasing in total amount, the relative lignin content was 
decreasing even relatively, i.e. that as a result of the extensive development 
of the mushroom, the most notable change recorded from these results is a 
reduction in relative as well as absolute content of the lignin-like materials 
in the composts. These results are in agreement with the results reported 
by Hubert (2) as well as those reported previously (13). 

However, without being able to record quantitatively the changes in 
concentration of the individual chemical complexes, it is impossible to 
conclude from these experiments the nature of the feeding power of the 
mushroom, and the substances which it attacks primarily. Of course, 
one could calculate from the relative increase in the ash content the actual 
reduction of the various organic chemical complexes, but due to the uncer- 
tainty of the composition of the original manures, such calculations would 
not be fully justified. 
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Preparation of Manure and Straw Composts under 
Controlled Conditions 

In order to follow the changes in the chemical composition of the manure 
during the process of composting and during the growth of the mushroom 
fungus, it was essential to prepare composts under controlled conditions 
and to follow the relative and absolute changes taking place in the different 
chemical constituents, as well as to study the development of various 
microorganisms responsible for these changes. Four composts were pre- 
pared, weighing about 1000 lbs. each, and placed outside under cover, 
with the southern exposure open, so as to permit exposure to the sun. 
These composts were started too late in the season, namely on October 30, 
when the outside temperature was rather low and when there was already 
constant danger from frost. The composts were placed close to one another, 
so as to prevent too much dissipation of heat ; when the temperature reached 
65-70®, the composts were turned and well mixed. The four composts 
carried to completion in this experiment can be briefly described as follows: 

Compost No. I. Horse manure from New York stables, containing 
both droppings and bedding, with a total moisture content of about 70 
percent. The dry matter content of this compost was, therefore, about 
300 lbs. The compost was started immediately after the manure arrived. 

Compost No. 2. For the preparation of this compost, 750 lbs. of New 
York manure and 85 lbs. of wheat straw (25 percent of total dry weight of 
compost) were used. This compost received 1,462 gm. ammonium phos- 
phate, 1,125 gm. calcium carbonate, and 225 gm. kainit. The salts were 
mixed with the straw and the latter mixed with the manure. Sufficient 
water was later added to bring the moisture of the compost to 70 percent. 
This compost as well contained about 300 lbs. of dry material. Due to 
the fact that the bedding in this manure consisted of long straw, which 
could not possibly be mixed uniformly with the droppings, until the first 
turning, the analyses of the first set of samples from these two composts 
were rather variable. 

Compost No. 3. For this compost, daily collected fresh manure and 
bedding from the horse stable at the College Farm in New Brunswick was 
used, so that the manure should be not more than a few days old. Due to 
the higher moisture content of this manure, the total dry matter was less 
than in the first two composts. 

Compost No. 4. The same source of manure was used as in the case 
of compost No. 3, except that the bedding was discarded, and only the 
droppings were collected. 

The first mixing of the composts took place after 13 days, the second 
mixing after 27 days. The composts were carefully watered after each 
mixing. In view of the fact that a frost had set in by this time, the temper- 
ature rose slowly, reaching only 50® C.; the third mixing took place 16 days 
after the second. Compost No. 4 usually heated up much quicker than 
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the others. After 63 days of composting the four composts were well 
mixed and part of each compost placed in mushroom beds (42 X 32 inches 
in size) using two beds for each compost. The temperature changes in 
the four composts are given in text figure i. 

The total moist and dry weights of the composts at the beginning, at 
the various periods when the composts were turned, and at the end when 
the composts were placed into the beds, are given in table 5. After the 
third mixing (43 days), there was practically no further decomposition, 
as shown by the fact that the total dry weight remained more or less con- 
stant. Composts No. I and No. 3 reached maximum decomposition after 
27 days of composting, while compost No. 2, due to the added straw, and 
compost No. 4, due to its compactness, decomposed more slowly. 


Table 6. Chemical Changes Prodiiced in the Decomposition of Compost No. i 
(New York Horse Manure) 





Time of Analysis 



Chemical Constituents 

At start 

27 Days 

63 Days 

108 Days 

Relative 

Concen- 

tration 

Total 

Weight 

Relative 

Concen- 

tration 

Total 

Weight 

Relative 

Concen- 

tratidn 

Total 

Weight 

Relative 

Concen- 

tration 


% 

lbs. 

% 

lbs. 

% 

lbs. 

% 

Ether-soluble fraction 

Cold water soluble organic 

bo 

8.6 

1.36 

3-1 

1. 10 

2.5 

1.05 

matter 

Hot water soluble organic 

3-64 

10.8 

4.72 

10.6 

3-31 

74 

4.24 

matter 

1.48 

44 

5-00 

1 1. 2 

3-89 

8.7 

2.49 

Hemicelluloses 

17.78 

53-0 

15.40 

34-5 

13.02 

29.2 

13-59 

Cellulose 

28.35 

^4-5 

26.32 

59-0 

15-59 

35-0 ^ 

14.30 

Lignin 

15.64 

46.6 

20.44 

45-8 

27.02 

6o.6(?) 

25.70 

Water-insoluble protein .... 

7.81 

23-3 

11.56 

25-9 

13-13 

29.5 

13-63 

Total nitrogen 

1.44 

4-3 

1.92 

4*3 

2.35 

5-3 (?) 

2.38 

Ash content 

13.48 

40.2 

14-5 

32.5 

15-49 

34-8 

17.20 


The changes in the concentration of the various chemical constituents 
in the composts, both relative and total, are reported in tables 6-9. The 
total amounts of the various chemical constituents, at the different periods 
of composting, were calculated by multiplying the total dry weight of the 
compost at that particular period by the percentage composition of the 
various constituents. The proximate chemical analyses of- the composts 
were made at the beginning of composting, during the second turning 
(27 days), when the composts were removed to the mushroom beds, and 
after the composts had been in the beds for 45 days. In view of the fact 
that in the last analysis the weight of the compost could not be determined, 
only the relative concentration 's reported in this instance; the spawn was 
also included in the last sampling. 

In making the analyses, samples were collected from several parts of 
each compost and well mixed. However, due to a proper lack of uniformity 
of the material, it was impossible to obtain very uniform samples. This 
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accounts for some of the discrepancies of the results. A question mark 
has been placed in all those cases where the accuracy of the determination, 
due pOvSsibly to variation of sample, is questioned. It may also indicate 
that the accuracy of the particular determination in the previous analysis 
is open to question. It is sufficient to cite the following illustration. The 


Table 8. Chemical Changes Produced in the Decomposition of Compost No. j 
{New Brunswick Horse Manure) 





Time of Analysis 



Chemical Constituents 

At Start 

27 Days 

63 Days 

loS Days 

Relative 

Concen- 

tration 

Total 

Weight 

Relative 

Concen- 

tration 

Total 

Weight 

Relative 

Concen- 

tration 

Total 

Weight 

Relative 

Concen- 

tration 


% 

lbs. 

% 

lbs. 

% 

lbs. 

% 

Ether-soluble fraction 

Cold water soluble organic 

1.85 

4.9 

1.28 

2.7 

1.02 

2.1 

0.70 

matter 

Hot water soluble organic 

445 

11.8 

6.64 

13-8 

449 

9-3 

5.II 

matter 

2.95 

7.8 

7-43 

154 

4.90 

10.2 

3.85 

Hemicelluloses 

18.84 

49.9 

15.26 

317 

12.52 

25-9 

11.74 

Cellulose 

27.41 

72.6 

20.41 

42.4 

14.08 

29-3 

12.00 

Lignin 

17.69 

46.9 

19.98 

41-5 

26.69 

554(?) 

22.3 

Water-insoluble protein .... 

8.25 

21.9 

11.50 

23-9 

1344 

27.9 

13-56 

Total nitrogen 

1.58 

4.2 

2.05 


2.48 

5.2(?) 

2.62 

Ash content 

12.51 

33-2 

17.8 

37‘0(?) 

22.87 

444(?) 

25.5 


Table 9. Chemical Changes Produced in the Decomposition of Compost No. 4 
{New Brunswick Horse Manure, Droppings Only) 


Time of Analysis 


Chemical Constituents 


At Start 


27 Days 63 Days 108 Days 


Relative 

Concen- 

tration 


Total 

Weight 


Relative 

Concen- 

tration 


Total 

Weight 


Relative 

Concen- 

tration 


Total 

Weight 


Relative 

Concen- 

tration 


% lbs. 

Ether-soluble fraction 1.73 4.9 

Cold water soluble organic 

matter 3.71 10.5 

Hot water soluble organic 

matter 4.21 12.0 

Hemicelluloses 18.69 53-1 

Cellulose 22.95 65.2 

Lignin 20.81 59.1 

Water-insoluble protein .... 9.81 27.9 

Total nitrogen 1. 81 5.1 

Ash content 20.00 56.8 


% 

lbs. 

% 

lbs. 

% 

0.97 

2.3 

0.65 

1.4 

0-53 

3-57 

8.3 

3-23 

6.7 

5-50 

5-36 

12.5 

3-46 

7.2 

3-66 

12.50 

29.2 

11.89 

24.8 

11-33 

14.46 

33.8 

1045 

21.8 

10.20 

20.17 

47.1 

26.10 

754(?) 

22.30 

14.19 

33-1 

13-25 

27.7 

12.38 

2.30 

54 

2.32 

4-9 , 

2.4 

30.3 

70.8(?) 32.91 

68.7 ?) 

34-4 


total nitrogen increased, in table 6, from 4.3 lbs. at the beginning of the 
period of composting to 5.3 lbs. at the end of composting; one could hardly 
feel justified in ascribing this increase of the total nitrogen to nitrogen- 
fixation, but one may reasonably conclude that it is due to the non- 
uniformity of the material. The same is true of the total increase in the 
lignin content, reported in the same table. The absolute increases in the 
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lignin content may of course be due to the synthesis of lignin-like complexes 
by the microorganisms active in the decomposition processes. With all 
these limitations in mind, however, the results will still prove to be very 
illuminating. 

In the process of composting of manure, there is a gradual decrease of 
the ether-soluble substances, a slow decrease of the cold-water soluble 
material, a rapid decrease of the hemicelluloses and cellulose and an accumu- 
lation of the lignin, water-insoluble protein, and ash. In other words, 
in the process of composting of manure, changes occur similar to those which 
were found to take place in the composting of plant residues, such as straw, 
leaves and corn stalks in the laboratory, in the presence of additional 
available inorganic nitrogen. The differences in the rapidity of decompo- 
sition of the various organic complexes in the several composts is quantita- 
tive rather than qualitative. On comparing composts No. i and No. 2, 
it is found - that the second compost, which received additional straw, 
contained more cellulose, more hemicellulose, less total nitrogen, and less 
water-insoluble protein, as was to be expected. On comparing composts 
No. 3 and No. 4, the last one being free from bedding, it is found that the 
latter was richer in total nitrogen and in ash and poorer in hemicellulose 
and cellulose, as was also to be expected. 

Ordinarily, when composts are placed in the beds in the mushroom 
house, they are allowed to heat up; if the temperature does not rise as a 
result of the decomposition of the compost by microorganisms, the house 
is steamed for 24 hours, so as to destroy the injurious insects. In this 
experiment, however, no steam was available, while the temperature of the 
composts did not increase through the agencies of decomposition. The 
beds were spawned 10 or ii days after the compost was introduced into the 
bed. The temperature of the beds was then about 20^^ C. After 35 days, 
the beds were covered with one inch of soil, the reaction of which was 
adjusted to pH 6. 8-7.0 with CaCOs, and the beds were watered. Thirty 
days after the beds were covered with soil, the first fruiting bodies of the 
Agaricus appeared. The temperature of the beds was about C. 

A careful record was kept of the yields of mushrooms from the beds 
containing the differently treated composts, allowing about 18 square feet 
of bed space for each compost. These yields were as follows : 

Compost No. I 10,150 gm. 

Compost No. 2 11,547 gm. 

Compost No. 3 10,470 gm. 

Compost No. 4 13,823 gm. 

In view of the fact that the composts were started late in the season 
and that the cellar used for the growth of the mushrooms was far from 
ideal for this purpose, the yields are highly satisfactory. The total yield 
was loi pounds for about 50 square feet of space, or about 2 pounds per 
square foot, which is above the common average obtained in commercial 
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* Results calculated on 100 gm. basis of control bottles. 
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houses (i| pounds per square foot). The largest yield was obtained in 
Compost No. 4, which was prepared from the pure droppings, free from 
bedding, but the mushrooms were very small. Compost No. 2, to which 
25 percent of straw was added, gave a high yield, and the mushrooms were 
uniform, all edible, and could readily be classified as marketable. 

When the mushrooms ceased growing, the spent manure was analyzed. 
This took place 180 days after the composts were placed in the beds. 
Only the manure free from the surface soil was used for the analysis. The 
results of this analysis are given in table 10. 

As a result of the growth of the mushrooms, the ash and total nitrogen con- 
tent of the compost increased ; a large part of the nitrogen has become water- 
soluble, while the ammonia was found to make up 20 to 35 percent of this 
water-soluble nitrogen. The cellulose has diminished only to a limited 
extent ; however, the lignin concentration has diminished to a marked extent. 
During the process of decomposition of the manure in the compost, the 
relative concentration of the lignin has increased in proportion to the 
increase of the nitrogen and ash, showing that the lignin gradually accumu- 
lated and was not decomposed by the microorganisms of the manure. 
However, during the growth of the Agaricus campestris, the proportion of 
lignin to the total material diminished. 

In the case of compost No. i, the relative concentration of the ash 
increased from 15.49 to 23.2 percent between the time the material was 
placed in the beds and the end of mushroom growth, or in a ratio of 2 to 3; 
this points to a reduction in the bulk of the compost to two-thirds of the 
original material, on a dry weight basis. The lignin has decreased, in the 
same period of time, from 27.02 percent to 17.12 per cent. If the lignin 
were not decomposed by the mushroom fungus, it should have increased 
to 40 percent or so of the total material ; the fact that it made up only 
17.12 percent of the residual material shows that over a half of it was 
decomposed. In compost No. 2, the ash increased, in the same period of 
time, from 11.79 percent to 24,8 percent and the lignin decreased from 
25.31 to 16.84 percent; similar calculations justify the conclusion that 
nearly two-thirds of the lignin originally present in this compost has dis- 
appeared as a result of the growth of the mushroom. In compost No. 3, 
the ash increased, in the same period, from 22.87 to 36.0 percent, and the 
lignin decreased from 26.69 to 12.95 percent, again accounting for a loss of 
more than two-thirds of the lignin. In compost No. 4, the ash increased 
from 32.91 to 50.3 percent, and the relative lignin concentration decreased 
from 26.10 to 18.09 percent, also showing a loss of more than a half of the 
total lignin content. 

It is not as easy to interpret the changes in the protein content of the 
composts, as a result of the growth of the mushroom, since the methods of 
analysis do not permit the differentiation between proteins of plant and 
microbial origin. However, the decided increase of the total water-soluble 
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nitrogen, a considerable part of which is in the form of ammonia, shows 
that marked changes have taken place in the nature and concentration of 
the proteins in the composts. The results show very decidedly that the 
processes of decomposition of the manure compost by the mushroom fungus 
are quite different in nature from those changes which are brought about 
by microorganisms in the fresh manure, during its composting. 



Text Fig. 2. Changes in relative concentration of nitrogen in the composts, during 
the process of decomposition. Milligrams of total nitrogen found in i gm. of dry material. 


The difference in the attack of the constituents of the composts by the 
heterogeneous microbial population in the manure and by the mushroom 
fungus is well brought out in text figures 2 and 3, where the changes in 
total nitrogen and water soluble nitrogen in the different composts are 
recorded. The results show clearly that during the composting of the manure, 
there was a rapid rise in the total nitrogen content and an inappreciable 
change in the water-soluble nitrogen, while during the growth of the mush- 
room, the change in total nitrogen was inappreciable while the concentration 
of water-soluble nitrogen increased rapidly. These phenomena can be 
readily explained by the fact that during the process of composting, the 
fungi and bacteria of the manure decomposed primarily the cellulose and 
hemicelluloses ; this led to the building up of considerable microbial cell 
substance, as a result of which all the nitrogen liberated as ammonia, in 
the decomposition of the organic nitrogenous complexes of the manure, was 
reconsumed and synthesized as microbial protein. During the growth of 
^e Agaricus, the protein, both of the plant residues and of the microbial 
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cells, was readily attacked and the nitrogen made water soluble either 
directly or through the synthesis of mushroom mycelium. 



Text Fig. 3. Transformation of nitrogen during the decomposition of the manure in 
the composts. Milligrams of water-soluble nitrogen in loo gm. of dry material. 


Decomposition of Manure from Various Composts by a Pure 
Culture of Agaricus campestris 

In view of the fact that during the growth of Agaricus campestris in 
the compost beds, the mushroom was always accompanied by various fungi 
and bacteria which were either originally present in the manure or came 
from the dust, it was frequently difficult to determine whether cer- 
tain organic complexes, especially the cellulose and hemicelluloses, were 
decomposed by the Agaricus or by the accompanying fungi and bacteria. 
A careful study of this phenomenon could be undertaken only by the use 
of pure cultures of Agaricus campestris grown under sterile conditions. 
The four composts described above were used for this purpose. Known 
quantities of the moist material were placed in milk bottles; these were 
plugged with cotton and sterilized at 15 pounds pressure for 3 hours. 
Some of the bottles were inoculated with pure culture spawn of Agaricus 
and others were left uninoculated, as controls. After 104 and 256 days 
incubation, the contents of the uninoculated and inoculated bottles were 
analyzed. The results are reported in table 1 1 . 

These results establish quite definitely that, although the mushroom 
fungus can attack cellulose and probably does so under certain conditions, 
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this carbohydrate forms only a small part of the organic constituents of 
the compost which it uses for its nutrition. The mushroom fungus feeds 
primarily upon the lignins, the proteins, and the hemicelluloses. In the 
case of the material from compost No. i, the lignin has been reduced from 
22.08 to 14.76 per 100 parts of the original material, a loss of over 33 percent 
of the lignin; in compost No. 2, the lignin was reduced from 23.69^0 5.33 
parts per 100 of original material, a loss of 77.5 percent of the lignin; in 
compost No. 3, the lignin was reduced from 23.24 to 5.48, a loss of 76.5 
percent of the lignin; in compost No. 4, the lignin was reduced from 21.08 
to 4.75, a loss of 77.5 percent. 

In addition to the lignins, the proteins have also undergone considerable 
decomposition. This is brought out by the marked increase in the water- 
soluble nitrogen. In the case of the material from compost No. i, 20.8 
percent of the nitrogen was in a water-soluble form at the end of the incu- 
bation period; in compost No. 2, 34.9 percent; in compost No. 3, 55.4 
percent; and in compost No. 4, 47.3 percent of the total nitrogen was 
rendered water-soluble. In view of the fact that the mycelium of the 
fungus Agaricus campestris contains 40 to 50 percent of its nitrogen in a 
water-soluble form, we may conclude that a large part of the nitrogen left 
in the bottles was in the form of the mycelium of the mushroom. The 
hemicelluloses were also attacked by the Agaricus. The marked increase 
in cold-water-soluble organic matter is entirely at the expense of the de- 
velopment of the fungus mycelium. On comparing the increase of cold- 
water-soluble organic matter over the controls, one may again feel safe in 
concluding that the fungus mycelium makes up at least about a third of 
the total residual organic matter, since about 45 percent of the dry weight 
of the fungus mycelium is soluble in cold water (13). 

Text figures 4 and 5 illustrate further the changes in water-soluble 
nitrogen and ammonia nitrogen in the material from the four composts by 
pure cultures of Agaricus campestris. The compost prepared from pure 
droppings liberated the greatest amount of ammonia and contained most 
water-soluble nitrogen, which checks up with the results obtained for this 
compost in the beds. Compost No. i did not allow as good a growth of 
the Agaricus, as one could judge from the comparatively limited decompo- 
sition of the lignin in this compost; as a result of this, there was a low 
accumulation of water-soluble and ammonia nitrogen. 

It is of interest to report here another experiment, which may throw 
some light upon the influence of foreign organisms upon the growth of the 
cultivated mushroom. It is a common observation among mushroom 
growers that when the beds become infected with the fungus Chaeiomium, 
the yields of mushrooms are markedly reduced. An opportunity to make 
certain observations upon this phenomenon occurred by a mere accident. 
Some of the material from compost No. 4 described above was placed in a 
series of i -quart milk bottles; these were plugged with cotton, sterilized at 
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15 pounds pressure for 2 hours, and inoculated with different spawn prepara- 
tions. One bottle became infected with Chaetomium soon after the Agaricus 
began to develop, so that the lower part of the bottle had a fair growth of 
Agaricus and the upper part an abundant development of Chaetomium, 
At the end of 50 days incubation, the experiment was discontinued. The 
contaminated bottle was broken and the contents carefully separated into 
two portions, one containing largely the growth of Agaricus and the other 
that of Chaetomium, The primary purpose of this experiment was to 
compare the rapidity and nature of decomposition of the manure compost 
by two types of spawn, one Austrian and one American. The results of 
the decomposition of the compost by the two types of spawn, as well as 
the relative decomposition of the compost by Agaricus, as compared with 
Chaetomium, are given in table 12. 


Table 12. Decomposition of Composted Manure by Various Strains of Agaricus campestris 

and by Chaetomium sp. 


Nature of 

Culture 

Control 

American 

Spawn 

Austrian 

Spawn 

Contaminated Bottle 

Agaricus Chaetomium 



pure 

pure 

growth’*' 

growth 

Total dry weight, gm 

200.1 

178.8 

181.1 

794 

93*3 

Ether-soluble portion, percent 

0.85 

0.31 

0.35 

0.67 

0.53 

Water-soluble organic matter, percent 

571 

14.67 

11.70 

10.68 

7-23 

Water-soluble nitrogen, percent 

0.39 

0.90 

0.78 

0.65 

0.42 

Hemicelluloses, percent 

11-95 

12,00 

10.50 

9-59 

10.02 

Cellulose, percent 

14.40 

14.62 

13.40 

8.82 

7.09 

Lignin, percent 

22.87 

14.63 

15.26 

18-59 

20.97 

Total nitrogen, percent 

2.25 

2.63 

2.59 

2.77 

2.69 

Ash, percent 

32.6 

33-6 

33-4 

34-8 

35-6 


* American spawn. 


These results show that, although the American spawn was somewhat 
more active in decomposing the compost than the Austrian spawn, the two 
behaved about alike; this was shown by the extent of chemical transfor- 
mations previously established for the growth of Agaricus upon a compost; 
namely, i, an active decomposition of the lignins; 2, an active decomposition 
of the proteins and formation of a considerable amount of water-soluble 
nitrogenous compounds; 3, a limited decomposition of the cellulose; 4, 
the formation of considerable water-soluble organic matter. The compost 
infected with Chaetomium behaved quite differently; there was a marked 
reduction in the cellulose, a limited reduction of the lignin (even that may 
be due to a partial development of the Agaricus mycelium) and a small 
increase in the water-soluble nitrogen and water-soluble organic matter. 
The other part of the bottle containing the Agaricus behaved similar to the 
Agaricus cultures, although to a less extent, as shown by a smaller 
decomposition of the lignin, production of less water-soluble organic matter 
and nitrogen and greater cellulose decomposition (the latter possibly due 
to presence of some Chaetomium in the material). These results show 
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that the injurious effect of Chaetomium upon Agaricus cannot be due to 
competition for available food, but is probably a result of direct injury, 
although further work in this connection is desirable. 

Decomposition of Fresh and Composted Manure by Pure 
Cultures of Agaricus campestris 

The investigations just reported on the decomposition of manure by 
Agaricus campestris were carried out with composted manure, in which 
numerous changes have been brought about by the previous growth of 
fungi and bacteria, chief among which is a reduction of cellulose and hemi- 
cellulose content and an increase In lignin and protein content. In order 
to compare the decomposition of the various organic chemical complexes 
by the mushroom fungus, as well as to throw further light upon the nutrition 
of this organism, it was found desirable to compare its action upon fresh 
horse manure and upon composted horse manure, both of which have 
previously been washed to remove the water-soluble substances. A series 
of bottles containing definite quantities of the two types of manure were 
prepared, plugged, sterilized as usual, and inoculated with spawn prepared 
from two strains of Agaricus campestris. The bottles were placed in a 
constant temperature thermostat (27^ C.) and incubated; after different 
intervals of time some of the bottles were analyzed. The contents were 
first removed, weighed, and the moisture content determined. Some of 
the analyses, as ammonia and total nitrogen, were made on the fresh 
material, while for the complete proximate analysis, the culture material 
was first air dried. The results of the analyses are reported in tables 13 
and 14. 

These results are in full agreement with those reported previously. 
The growth of the cultivated mushroom upon composted manure brought 
about a marked increase in the water-soluble material, a considerable 
reduction in the lignin content, a transformation of the water-insoluble 
protein into water-soluble forms of nitrogen, an appreciable reduction in 
the hemicelluloses and a small reduction in the cellulose content. In the 
original compost, the nitrogen present in the form of ammonia made up 
only a small fraction of the total nitrogen (2.63-2.65 percent); however, 
at the end of the growth period of the mushroom, the ammonia nitrogen 
was found to form 16 to 26 percent of the total nitrogen. It is interesting 
to note that the lignin-nitrogen, or that part of the nitrogen which is found 
in the lignin fraction (determined as acid lignin) diminishes proportionally 
with the decrease in the total lignin content; this would tend to indicate 
that either the lignin and protein are decomposed alike, or, which is more 
likely, that the lignin and the protein are present in the compost in the 
form of a complex, the protein of which cannot be attacked, unless the 
lignin is acted upon as well. That the latter assumption is probably the 
correct one is shown elsewhere (12). 
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Although the changes in the organic constituents of the manure are 
very considerable, as shown by the reduction of the three major groups, 
namely the lignins, hemicelluloses, and cellulose, the actual reduction in the 
total weight of the compost is relatively small. This indicates that a large 
proportion of the residual material consists of synthesized mycelium of the 
Agaricus. That this is the case is brought out by the very considerable 
amount of water-soluble nitrogen. After 215 days of decomposition, the 
relative amount of water soluble to total nitrogen has increased from 
9 percent to 50 and 65 percent for the two strains, respectively. The fact 
that the mushroom mycelium consists of 40 to 50 percent of water-soluble 
material and the fact that a large part of the water-soluble substances in 
residual material is probably derived directly from this mycelium, would 
tend to confirm the above assumption. 

The decomposition of the washed and sterilized fresh manure by a 
pure culture of Agaricus campestris tends to bring further light upon the 
problem of mushroom nutrition. The organism grew well upon this 
material, and brought about transformations similar to those found in the 
case of the composted manure, the only difference being that somewhat 
less of the lignin was decomposed and somewhat more of the cellulose. 
Here, as well, the marked increase in water-soluble organic matter and in 
water-soluble nitrogen tends to indicate that a large part of the residual 
material consists of synthesized fungus mycelium. 

Discussion 

The growth of Agaricus campestris upon a compost of horse manure is 
characterized primarily by the decomposition of the lignins and of the 
proteins and by an increase in the water-soluble organic matter and the 
water-soluble nitrogen. Although the hemicelluloses and cellulose are also 
attacked by the fungus, and frequently to quite a considerable extent, 
which points to the ability of Agaricus to attack and utilize these plant 
constituents, still this is not as characteristic of the growth of the organism 
and does not differentiate its action from that of the microbial population 
of the manure. 

In the process of composting of manure, there is a marked reduction 
in water-soluble material, a considerable destruction of the hemicelluloses 
and cellulose, and an increase in the relative proportion of the lignin and 
of the organic nitrogenous complexes. The latter are built up at the expense 
of the ammonia nitrogen in the manure, whereby the cellulose and hemi- 
celluloses are used as sources of energy and microbial cell substance is 
synthesized. The accumulation of the lignin and the synthesis of microbial 
cell substance are thus found to be two phenomena resulting from the 
decomposition of manure in the process of composting, which are of decided 
benefit to the growth of the cultivated mushroom, by supplying it with 
the nutrients most essential for its development. ’ 
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In the preliminary composting of manure there is a reduction of the 
readily decomposable substances by the heterogeneous bacterial and fungus 
flora of the manure; this results in the evolution of considerable heat which 
would injure the growth of the mushroom; this is another important result 
of composting of the manure to prepare it for the growth of the mushroom. 
By composting manure for a period of 4 to 8 weeks, turning it occasionally 
so as to favor aerobic processes of decomposition, the manure compost 
gradually becomes a poor medium for the growth of the common fungi and 
bacteria inhabiting the manure. The mushroom fungus grows upon these 
complexes which are not decomposed readily by the bacteria and fungi of 
the manure, namely the lignins and the hemicelluloses ; or which are synthe- 
sized in the process of decomposition of the manure, namely the organic 
nitrogenous complexes. As a result of these phenomena, the process of 
composting of manure is of considerable benefit for the growth of the 
cultivated mushroom, Agaricus campestris. 

Summary 

1. A study has been made of the chemical composition of composts of 
horse manure prepared for the growth of the cultivated mushroom, during 
the process of composting and during the growth of the mushroom, and of 
the spent manure. 

2. As a result of the composting of manure, there is a reduction in the 
water-soluble substances, in ammonia nitrogen, in hemicelluloses, and in 
cellulose, accompanied by an increase in the lignins, total nitrogen, and ash. 

3. The growth of the cultivated mushroom upon the compost is marked 
by a decided decrease in the lignin content and an increase in the water- 
soluble organic matter, including water-soluble organic nitrogen compounds 
and ammonia. These results point to the ability of the mushroom fungus 
to use as nutrients the lignins and proteins of the compost. 

4. Special composts were prepared of two types of horse manure, with 
and without bedding, and with and without additional straw. These 
composts were kept under controlled conditions and careful records made 
of changes in temperature, total weight, and moisture. At the end of the 
period of composting, the composts were placed in beds, which were spawned 
with Agaricus campestris and the mushrooms grown to maturity. 

5. The yield of mushrooms in the beds was about 2 pounds per square 
foot, although the conditions in the beds were not most favorable for 
mushroom production, due to a lack of insect control, as well as a lack of 
humidity and temperature control. The largest yield of mushrooms was 
obtained from the beds containing the compost prepared from manure 
droppings, free from bedding; however, these mushrooms were small and 
hardly marketable. The best mushrooms and a fairly large yield were 
obtained from the compost prepared from the manure which included the 
bedding and which received, in addition, 25 percent of wheat straw, on a 
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dry weight basis, as well as the necessary amount of nitrogen and mineral 
nutrients. 

6. In the process of composting of the manure, there was a rapid devel- 
opment of fungi and bacteria. These brought about a reduction in the 
water-soluble substances of the manure, in the hemicelluloses and to a less 
extent in the cellulose; these processes were accompanied by an increase 
in the lignin content, the total nitrogen content, and the ash. The last 
three complexes increased in proportion to the decomposition of the manure 
as a whole; the lignin in the manure had not decomposed during the process 
of composting; the insoluble nitrogen, chiefly in the form of protein, was 
largely synthesized by the cells of the microorganisms decomposing the 
manure. 

7. Since Agaricus campestris is a non-chlorphyllous organism, it cannot 
use the CO2 of the atmosphere, but must obtain its energy from the de- 
composition of the organic substances in the compost, and the nutrients 
necessary for the synthesis of its cell substance (including both its extensive 
mycelium and the edible mushroom) from the inorganic and organic con- 
stituents of the compost. Since the ash content of this fungus is only 
13.3 percent (on a dry basis), the amounts of the organic substances which 
it has to decompose are very considerable. 

8. The mushroom fungus does not use the compost as a whole for its 
nutrition and for its energy needs; it seems to attack certain organic com- 
plexes in preference to others. The complexes that the mushroom uses by 
preference are those which were accumulated in the process of composting 
of the manure, namely the lignins and the organic nitrogenous complexes, 
and to a less extent the hemicelluloses and the cellulose. 

9. In the process of growth of the mushi-oom upon the compost, the 
lignins are markedly reduced, not only in absolute quantity but also relative 
to the other organic complexes, while the nitrogenous substances are 
transformed from an insoluble organic into soluble organic and mineralized 
(NHs) forms. The high content of water-soluble nitrogen is a result of the 
fact that the mushroom mycelium is high in nitrogen (6.44 percent of its 
dry weight), with nearly a half of this nitrogen in a water-soluble form. 

10. A large part of the compost left after the growth of the mushroom 
consists of the mycelium and products of decomposition of the fungus. 

11. The above results were further confirmed by growing pure cultures 
of the mushroom upon sterile substrates of composted and fresh horse 
manure. 

The authors are indebted to the Mushroom Growers Association of 
Pennsylvania for supporting this investigation; to Dr. J. F. Styer of E. H. 
Jacob Go. and to Mr. Rettew of the West Chester County Laboratories 
for supplying composts, spawn and other necessary material and for sug- 
gestions and advice fully given; and to Mr. E. R. Purvis of this laboratory 
for assistance in some of the analytical work. 

New Jersey Agricultural Experiment Station, 

New Brunswick, New Jersey 
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THE ANATOMY OF THE CASTOR BEAN AS CONDITIONED 
BY LIGHT INTENSITY AND SOIL MOISTURE 

Wm. T. Penfound 

(Received for publication January 17, 1932) 

The effect of physical factors on the anatomy of plants has recently 
become the object of considerable investigation. Most of these researches 
have dealt with the effect of various physical factors on the structure of 
leaves. In the present investigation an attempt has been made to determine 
the effects of various combinations of light intensity and soil moisture on 
the structure of the roots, stems, and leaves of the castor bean plant. 

Methods 

The experiment was conducted in a garden at Urbana, Illinois, in the 
summer of 1927. Castor bean plants were grown in four combinations of 
light intensity and soil moisture, viz: full sunlight-wet soil, full sunlight- 
dry soil, shade-wet soil, and shade-dry soil. Seedlings of similar vigor 
and size of cotyledons were transplanted to galvanized buckets of fourteen- 
liter capacity containing thoroughly mixed and sieved silt loam. The soil 
in twelve of the containers had an available water content (as based on the 
dry weight of the soil) of 21 percent and in twelve others the available 
water was only 6 percent. The soil surfaces were covered with a heavy 
oilcloth seal and the plants were allowed to develop without additional 
water. A variation in light intensity, without appreciably affecting the 
air temperature or relative humidity, was obtained by means of a specially 
constructed lath shelter, the soil underneath being covered with black 
cinders (text figs, i and 2). The light intensity, as calculated from an 
average of hourly readings from 7 A.M. to 6 P.M., and based on mid-day 
sun on June 22, was 90 percent in the full sunlight and 18 percent under 
the shelter. 

One set of six plants growing in wet soil was placed in full sunlight and 
a similar one was deposited under the shelter. A similar disposition was 
made of those growing in dry soil. Under these conditions growth proceeded 
for a period of 24 days, from July 18 to August 12. During this time the 
air temperature was comparatively low and the relative humidity was 
moderately high (text fig. 3) . Although relatively humid conditions prevailed 
during the growth period the plants grown in dry soil and full sunlight 
experienced wilting on certain days between August i and August 12. 
In addition the plants growing in dry soil under the shelter experienced 
moderate wilting on two different occasions. Nevertheless the available 
water content at the end of the growth period was well above the wilting 
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^efficient m both the upper and lower five inches of soil in all the containers. 
This demonstrates that mesophytes, such as the castor bean, need a con- 
siderable margin of available water in order to thrive in an atmosphere of 
relatively high evaporating power. 



Text Fig. i. Shelter, hygrothermographs, and batteries of plants. 


The average transpiration per plant per day varied directly with the 
degree of insolation and water content of the soil. Although the transpira- 
tion per unit area in full sunlight was double that in shade, there was 
little difference in the transpiration rate in the two conditions of soil moisture 
(table 3)- This result is not in accord with previous findings on the same 
subject. Whether this difference is due to the species used or to the con- 



Text P ig. 2. Hygrothermograph records in full sunlight (above) and under the shelter 
(below) for the week ending August i, 1927. Light lines, temperature; heavy lines, 
humidity. 

38 


540 


AMERICAN JOURNAL OF BOTANY 


[Vol. ig, 


ditions of the experiment is not certain. But it is possible that future 
experiments will show that species differ considerably in their transpiration 
rates in soils of diverse water content. 
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Text Fig. 3. Average daily temperature (solid line) and average daily relative 
humidity (dotted line) during growth period. 


Results 

External Features 

The development of the plants at the end of the growth period varied 
directly with the water content of the soil and in the main with the degree 
of insolation (table i), but the height of the plants was similar in both 
conditions of insolation and the size of cotyledons and leaves was greater 
under the shelter. Despite these facts the root systems of the plants in 
full sunlight were more extensive. 

Table i. External Features of the Castor Bean Plant Grotmi in Varied Combinations of Light 
Intensity and Soil Moisture, All Measurements in Millimeters 


Sun-wet Sun-dry Shade-wet Shade-dry 


Av. diam, of roots 0.8 0.6 0.8 0.7 

Av. max, length roots 355*o 304.0 254.0 203.0 

Av. diam. of stems 3,6 2.7 2.9 2.6 

Av. height of stems 53.0 43.5 54.5 43-5 

Width of cotyledons 39*o 33.0 43.0 39.0 

Length of cotyledons 51.0 42.0 58,0 49.0 

Width of lowest leaves 59.0 45.0 75.0 52.0 

Length of lowest leaves 66.0 48.0 83.0 59-o 


Internal Features 

A comparison of the structure of roots grown under varied habitat 
conditions is rather hazardous since one can never know the exact age of 
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the roots with which he is dealing. Prepared slides were made from portions 
of the main lateral roots one-third the distance from their bases to their 
tips. A study of these sections showed, in general, that the thickness of 
the roots and the amount of xylem varied with the degree of insolation and 
the amount of soil moisture. 

The data on the structure of the stems indicate that the castor bean is 
somewhat less modified by varied conditions of light intensity and soil 
moisture than the sunflower. In general the plants were much better 
developed in the combination of full sun and wet soil, and varied only 
slightly in the other three light intensity-soil moisture combinations (text 
fig. 4). In both the hypocotyls and the internodes the size of the cells 



HYFOCOTYLS lowest WTERNODES SECOJUP fNTEKNOPES 
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Text Fig. 4. Graph showing the effect of light intensity and soil moisture on the 
stem structure of the castor bean. Left to right: full sunlight-wet soil ; full sunlight-dry soil ; 
shade-wet soil; shade-dry soil. 

varied in the same direction as the amount of soil moisture and to a less 
extent with the degree of insolation. Although the wall thickness of the 
mechanical elements varied in the same direction as the amount of soil 
moisture and the degree of insolation it was influenced more by the latter 
(table 2). 
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Table 2. The Relation of Light Intensity ani Soil Moisture to the Size and Wall Thicimess 
of the Cells in the Stems of the Castor Bean, All Measurements in Microns 





Hypocotyls 



Sun-wet 

Sun-dry 

Shade-wet 

Shade-dry 

Wall thickness of bast fibers 

5-6 

54 

2.8 

1.7 

Wall thickness of wood fibers .... 

2.1 

2.0 

1-7 

1.4 

Diameter of vessels 

35-0 

32.0 

3L0 

28.0 

Diameter of pith cells 

94-0 

88.0 

92.0 

78.0 



Lowest Internodes 


Wall thickness of bast fibers 

2.1 

2.0 

1.7 

1.6 

Wall thickness of wood fibers .... 

1.7 

1.6 

1,6 

1.4 

Diameter of vessels 

30.0 

81.0 

24.0 

28.0 

22.0 

Diameter of pith cells 

64.0 

68.0 

58.0 


In all the stena-sections the actual xylem and vascular areas, as well as 
the percentage xylem and vascular areas, varied in the same manner 
(table 3). They were highest in the full sunlight-wet soil set and progres- 
sively lower in the shade-wet soil, full sunlight-dry soil, and shade-dry 
soil combinations. It appears, therefore, that soil moisture plays a greater 
role in vascular development than the degree of insolation. Since the 
development of vascular tissue parallels closely the average total transpira- 
tion per plant per day it follows that the degree of vascular development 
and the amount of water loss are closely interdependent (table 3). 


Table 3. The Relation of Light Intensity and Soil Moisture Content to the Conducting and 
Transpiring Systems of the Castor Bean 



Sun-wet 

Sun-dry 

Shade-wet 

Shade-dry 

Xylem area (sq. mm.) 

... 1.84 

0.89 

0.97 

0-55 

Vascular area (sq, mm.) 

... 0.39 

0.24 

0.26 

0.17 

Percent xylem 

. . . 16.I 

II.8 

12.6 

8.4 

Percent vascular tissue 

... 3.6 

3-2 

34 

2.6 

Av. leaf area plant (sq. cm.) 

... 193-0 

91.0 

280.0 

132.0 

Transpiration. J Av. per plant , . . , , 

. . . 18.2 

7.6 

11.4 

4.9 

(cc, per day) \ Av. per sq, dm. . . . 
Vascular area of hypocotyls 

... 9.4 

8.4 

4-1 

3-7 

Av. leaf area per plant 

0.20% 

0.26% 

0.09% 

0.13% 

Av. transp. per plant per day 

Vascular area of hypocotyls 

Av. transp. per sq. dm. per day 

. ... 46.5 . 

31-5 

44.0 

16.0 

29.0 

Vascular area of hypocotyls 


35-0 

22.0 


In both the cotyledons and leaves the development of the mesophyll 
and midvein showed considerable differences in their structure in the 
various light-moisture conditions. The stomata were more numerous per 
unit area in the full sunlight-dry soil set and were progressively less abun- 
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dant in the full sun-wet soil, shade-dry soil, and shade-wet soil combi- 
nations. They were largest, however, in the full sun-wet soil combination 
and similar in size for the other three sets. These results showed that 
light intensity was more important in its effect on the number of stomata 
than soil moisture. This is due to the fact that sunlight initiates the 
formation of additional stomata whereas soil moisture affects the number 
of stomata per unit area only by affecting the size of all the epidermal cells. 

The development of the mesophyll was better in full sunlight than in 
shade and slightly greater in wet soil than in dry soil (text fig. 5). Con- 



COTYLEDOMS LOWEST LEAVES SECONO LEAVES 


Epidermis iHD Palisade Sponge 

Text Fig. 5. Graph showing the effects of light intensity and soil moisture on the 
structure of the mesophyll of the castor bean plant. Left to right: full sunlight-wet soil; 
full sunlight-dry soil; shade-wet soil; shade-dry soil. 

spicuous differences obtained between the leaves of wet soil and dry soil 
plants in full sunlight but the differences were slight under the shelter. 
It should be noted, also, that the percentage depth of palisade in the leaves 
from full sun plants was not much greater than in the shade plants. These 
results suggest that the mesophyll of the castor bean leaf is not very plastic 
and probably is not as responsive to changes in physical factors as the 
hypocotyls and internodes. 

In the midvein the development was best in the full sun-wet soil combi- 
nation, about equal in the full sun-dry soil and shade-wet soil sets, and 
poorest in the shade-dry soil combination. This applied to the depth 
of the epidermis, collenchyma, chlorenchyma, parenchyma, phloem, and 
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for the size of the xylem masses. Nevertheless both the percentage xylem 
and vascular areas were similar in all four combinations of light intensity 
and soil moisture. 

Relation of Varied Light Intensity and Soil Moisture to the Water Balance 

When plants are grown in conditions favoring a rapid water loss the 
interrelation of the area of the root system, the conducting area of the 
stem, and the transpiring area are of critical importance. Since the data 
on the root systems are incomplete no quantitative results are possible. 
But the root-top ratio was much greater in full sunlight than under the 
shelter. In both the hypocotyls and lowest internodes the ratio of either 
the xylem or vascular areas to the leaf area was much higher in full sunlight 
than under the shelter, but there was little difference in these ratios between 
wet soil and dry soil plants either in the fully exposed or sheltered condition 
(tables). 

Nevertheless the ratio of the average transpiration per plant per day 
either to the xylem area or the vascular area was higher in the wet soil 
than in the dry soil (table 3). There was, however, no significant difference 
in these ratios between the plants in full sunlight and under the shelter. 
This means that the rate of flow (amount of water passing over unit vascular 
area in a given period of time) varied directly with the soil moisture content 
out was similar in the two conditions of light intensity. On the other 
hand, the ratio of the intensity of transpiration to the vascular area varied 
directly with the degree of insolation and with the aridity of the soil. An 
examination of the data (table 3) shows that the average transpiration 
per plant per day varied in the same manner as the ratios of the transpiration 
per plant to the vascular area. This parallelism helps to explain the fact 
that the ratios of the transpiration per plant to the vascular area were 
relatively low in the dry soil plants. 

Discussion 

The results of Zalenski (Maximov, 1929) indicated that strong insolation 
and dry air were both effective in inducing xeromorphic structure. In 
regard to the effect of soil moisture Rippel (Maximov, 1929), Penfound 
(1931), and others have shown that many xeromorphic features were 
promoted by a low soil moisture content. 

In the present experiments the root systems were much better developed 
in sunlight despite the fact that the leaf area was greater in the shaded 
situation. Because of this the absorbing system was relatively more 
efficient and the transpiration per plant greater in the condition of maximum 
insolation. In general the wet soil and dry soil plants differed more from 
each other in full sunlight than under the shelter. This was due to the 
fact that in full sunlight the water content of the dry soil plants was lowered 
to an unfavorable degree in periods of high evaporational stress. 
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The development of the mechanical system varied in the same direction 
as the light intensity and the soil moisture content. It appears, however, 
that the thickness of the walls is dependent more upon light intensity than 
on soil moisture, probably due to the need of abundant carbohydrates for 
the production of wall substance. Since the percentage of mechanical 
tissue in the stem to the leaf area was much greater in sunlight than under 
the shelter it is evident that the plants in full sunlight have a more efficient 
mechanical system than those under the shelter. Cannon (1905), and 
Rippel (Maximov, 1929) found a better development of vascular tissue in 
dry soil, but I have found a much better vascular development in soil of 
high water content, especially if combined with maximum insolation. 
From this investigation, and others on the same subject, it appears that 
conditions which favor a rapid water absorption and water loss are also 
efficient in promoting the development of vascular tissue. 

Riibel (1920) studied the effect of varied light intensity on the anatomy 
of the sunflower and found that the ratio of the vascular area of the stem 
to the transpiring surface was nearly a constant, but the results of my 
experiments have shown a consistently higher ratio in the sun plants. 
Nevertheless the amount of water passing over unit vascular area in a 
given period of time was similar in both conditions of insolation. In 
Rubehs experiments the ratio of the intensity of transpiration to the 
vascular area was higher in the shade plants whereas in the present experi- 
ments the ratio was lower in the shade plants. 

The ratio of the vascular area to the leaf area was similar in both con- 
ditions of soil moisture. Nevertheless the rate of flow was higher in the 
wet soil than in the dry soil. This is not in agreement with the results on 
the sunflower (Penfound, 1931). It should be noted, however, that the 
transpiration rate for the castor bean was greater in the wet soil whereas 
the rate of water loss in the sunflower varied with soil aridity. The above 
results suggest that species of plants may vary in their reactions to physical 
factors, and that the results obtained in one experiment may not obtain 
in another especially if one is dealing with different species, plants of different 
ages, or with different habitat conditions. 

Summary 

In studies on castor bean plants grown in varied combinations of light in- 
tensity and soil moisture the following conclusions were reached: 

1 . In the roots the amount of xylem and the average total diameter 
varied in the same direction as the light intensity and the amount of soil 
moisture. 

2. In the stems the cross-sectional, xylem, and vascular areas, the 
percentage xylem and percentage vascular areas as related to the cross- 
sectional areas, the size of the cells, and the wall thickness of the mechanical 
elements varied directly with the degree of insolation and the soil moisture 
content. 
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3. In the leaves the number of stomata per unit area varied directly 
with the degree of insolation and the aridity of the soil, and the development 
of the mesophyll, as well as that of the midvein, was slightly better in 
conditions of maximum insolation and high soil moisture content. 

4- The ratio of the vascular area of the stem to the leaf area was much 
higher in conditions of maximum insolation but varied little with the 
amount of soil moisture. Nevertheless the ratio of the average transpiration 
per plant either to the xylem area or to the vascular area was similar in both 
conditions of light intensity but varied in the same direction as the amount 
of soil moisture. 

Tulane University, 

New Orleans, Louisiana 
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INFLUENCE OF VISIBLE AND ULTRAVIOLET RAYS ON THE 
STABILITY OF PROTOPLASM 

W. W. Lepeschkin 

(Received for publication November ii, 1931) 

It is well known that protoplasm subjected to the action of strong light 
is gradually desintegrated and dies. Protoplasm is especially sensitive to 
ultraviolet rays. At the same time, these rays can also produce a stimu- 
lating effect on growth, development, and cell division. Mitogenetic rays 
which presumably accelerate mitosis have also been shown to be ultraviolet 
in character. The cause of the destructive effect of light presumably lies 
in a chemical change of protoplasmic proteins, as shown by the work of 
Henri, Cleaves, Clark, Young, and others. The cause of the stimulating 
effect of ultraviolet rays is unknown. In the author’s previous papers 
evidence was presented that the effect of light on protoplasm can be demon- 
strated even if no visible change in its structure or physiological response can 
be observed. The experiments made on Spirogyra showed that visible 
light (even diffuse light) decreases the stability of its protoplasm against 
high temperature and mechanical injuries. Spirogyra showed daily vari- 
ations in the stability of its living matter, this stability being greater at 
night than by day.^ 

In the present paper experiments are described in which some details of 
the action of visible and ultraviolet rays on the resistance of plant proto- 
plasm to poisons were investigated. 

Material and Methods 

Two kinds of cells were used, yeast cells, and leaf cells of Elodea cana- 
densis. The poisons used were alcohol and iodine. In the case of yeast 
cells the method was similar to that used in the author’s previous experi- 
ments on the protective effect of narcotics on protoplasm.^ 

The standard suspension of yeast in spring water (pH == 7.3, 0.0019 

3 bepeschkin, W. W. 1923. The constancy of the living substance. Studies Plant 
Physiol. Lab. Charles Univ. Prague T: 5-“44. 1927. . Mechanische Koagulation der 

lebenden Materie und Analogie zwischen Grundstoffen derselben und Explosivstoffen. 
ibid. 4: 212-245. 

2 Lepeschkin, W. W. 1929. Amer. Jour. Bot. 26: 2o8“2i8.^^^ ^ ^ ^ ^ 

[The Journal for June (19: 443-546) was issued July 1,1932.] 
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percent Ga, 0.0022 percent Cl) contained three g. of Fleischmann’s com- 
pressed yeast in 100 cc. This suspension was poured into test tubes 
(capacity five cc.) of Pyrex glass or quartz, one cc. of the suspension into 
each tube closed with a cork; then some of the tubes were wrapped in black 
sateen (three layers) and all tubes were immersed in a water bath of an 
approximately constant temperature and exposed to direct sunlight. After 
some period of time (indicated in every experiment) the tubes were taken 
from the water bath, and the resistance of the yeast cells to alcohol was 
determined. One cc. of a 46 percent solution of ethyl alcohol ^ in water was 
added to the yeast suspension in each tube. After exactly 10 minutes 
(measured with a stop-watch) one cc. of a 0.075 percent solution of methy- 
lene blue was added to the mixture in each tube, and the number of the 
colored cells in percent of the whole cell number was determined for every 
tube. The figures given below are averages obtained from at least six 
figures. The maximum possible error is about three percent of the whole 
number of dead cells in a single experiment. As the simultaneous action 
of the dye and alcohol brings about a slow killing of the cells, the counting 
of dead cells lasted not longer than five minutes beginning at the moment 
of the addition of the dye. 

In some experiments alcohol was added before the exposure to sunlight 
to prevent multiplication and synthetic processes in the cells. The con- 
centration of alcohol in the suspension was this time 17 or 18 percent. 

The application of the method just described to Elodea showed that the 
counting of dead cells which had colored protoplasm, nucleus, and chloro- 
plasts is not so exact as in the case of yeast cells because the dead cells are 
scattered unevenly among living cells, and the cells situated on the leaf tip 
and edges die more easily. Thus only the relative area occupied by dead 
cells of the lower cell layer could be measured by drawing it and the whole 
leaf area by means of a Leitz drawing eye-piece (direct method). The 
colorimetric method is more exact. 

A special colorimetric scale was prepared. About 20 leaves cut from 
one branch of Elodea were immersed in a 12 percent alcohol solution. After 
a given time, single leaves were taken from alcohol in succession and put 
in a 0.005 percent solution of methylene blue to which 0.5 percent of NaCl 
was added to avoid adsorption. There they remained for exactly 10 
minutes. Then the relative area of dead cells (expressed in percent) was 
determined, and the leaves were dried with blotting paper, fastened to 
slides in a successive series, and covered with slides. In a few hours the 
leaves dried completely and could be used for a comparison with leaves 
colored in experiments. The number of dead cells in percent in the leaves 
of the scale were the following: 


Periods of time (minutes) during which 
the leaves remained in X2% alcohol 3 

6 

9 12 IS X 8 21 24 27 30 33 36 

30 

Number of dead cells (%) . . .... 2 

5 

8 12 16 20 30 40 50 60 70 80 



3 By percent is always understood grams in 100 cc. of the solution. 
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In the case of iodine as a poison the scale used was as follows ; 


Period ot time (minutes) during 
which the leaves remained in 

in a 0,02% iodine^ 246 8 10 12 14 16 iS 20 22 24 26 28 30 

Number of dead cells (%) 3 5 10 12 15 18 20 25 30 40 45 55 60 85 95 


If the color of a leaf used in an experiment and dried was between the 
colors of two neighboring leaves of the scale, the number of dead cells in 
this leaf was evidently between the numbers corresponding to the leaves of 
the scale. The numbers obtained should be corrected because light changes 
the permeability of protoplasm, and the living cells of Elodea absorb 
methylene blue. Special experiments made to estimate the possible influ- 
ence of the permeability change showed that uninjured leaves absorb 
methylene blue from a 0.005 percent solution (to which 0.5 percent NaCl 
was added), to an amount corresponding to T = 8.2 of the scale used for 
the determination of the permeability.^ When the leaves of the same 
Elodea branch had been immersed in 12 percent alcohol for 20 minutes 
the amount of the dye absorbed was T = 28. Since at the same time only 
22 percent of dead cells were found, the amount of the dye absorbed by 
8 X 78 

living cells was = 6.4; that absorbed by dead cells was 28 — 6.4 


= 21.6. Suppose now that after the action of light the permeability of 
protoplasm increased m times and that the true number of dead cells in a 
leaf, in percent, is x, while the number found by the colorimetric comparison 
with the leaves of the scale is n. As the absorption of the dye by single 
dead cells is not changed by light (as proved in the author’s paper cited), 


the amount of the dye absorbed by dead cells is 


21.6 X 
22 ' 


and that absorbed 


by living cells is 


6.4(100 


A j • 1 I 6.4(100 

the dye absorbed is equal to 1 ^ 

(100 — x)m = 0.98^ + 0.082(100 — n), or X = 


At the same time, the whole amount of 
n , 6.4(100 - n) I ^ 


Thus 0.98X + 0.082 


0.9# 8.2(w 


When 


^ ^ ^ ^ 0.98 — 0,08m 

the permeability is not changed, that iSj m = x = n. The changes of 
the permeability were determined by the method of the absorption of 
methylene blue (see paper cited). After the exposure to light the leaves 
were transferred to the laboratory room so that the permeability might 
decrease again ; thus the corrections of the number of dead cells given below 
are too great, that is, the true number lies between the observed and the 
corrected number. 

^ The standard solution of iodine contained one gram iodine and 3 grams potassium 


iodid in 100 cc. 

^Xepeschkin, W. W. 1930. Light and the permeability of protoplasm. Amer. Jour. 
Bot. 26: 208-^18. 
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Usually 30 to 40 leaves cut from the same branch of Elodea were put 
into spring water, and then transferred into test tubes (capacity five cc.) 
containing about four cc. of spring water and made of Pyrex glass or quartz 
(no corks). Each tube contained five leaves. Two of the tubes were 
wrapped in black sateen (three layers) and all tubes were immersed in a 
water bath of an approximately constant temperature and exposed to 
direct sunlight. After the exposure the leaves were transferred into flasks 
containing a twelve percent solution of alcohol in distilled water and left 
there for exactly twenty minutes. Then the leaves were washed out in 
water and put in a 0.005 percent solution of methylene blue, to which 0.5 
percent sodium chlorid was added to prevent an adsorption of the dye on 
the cell walls. After exactly ten minutes the leaves were investigated and 
the relative number of the cells was determined for each leaf. In some 
experiments a 0.02 percent solution of iodine was used, instead of alcohol. 
The leaves remained in this solution for ten minutes. 

The energy of direct sunlight was measured by means of the radiometer 
described by Davis,® and was expressed in watt-hours per 10 sq. m., per 
100 A at a wave length of 0.500 ju. The energy of ultra-violet rays of 
sunlight is expressed in the same units. 

The Influence of Visible Rays 

Experiments on Yeast Cells 

Two series of experiments were made. In one series the suspension of 
yeast cells was exposed to direct sunlight without the addition of alcohol. 
In the other, alcohol was added before the exposure to sunlight in amounts 
sufficient to check the synthetic processes and to kill the cells slowly. The 
concentration of alcohol added to the suspensions €n the first case (after 
the exposure) was 23 percent, while the concentration in the second case 
was 17 or 18 percent. Water bath temperature was 25 to 26® C. The 
results are shown in tables i and 2. 


Table i. Effect of Alcohol on Yeast after Exposure to Light 


Exper. 

No. 

Exper. Began 

Sunlight 

Energy 

Exposure 

Period 

(minutes) 

Percent of Dead Cells 

Before 

After 

Control 

I 

Noon, May 6 

92 

60 

45 

100 

50 

2 

Noon, May 7 

92 

60 

50 

100 

54 

3 

2:30 P.M., May 7 

80 

60 

46 

65 

45 


The experiments 1,2, and 3 showed that sunlight decreases the resistance 
of the protoplasm of yeast cells to alcohol. 

In the author’s papers cited above it was pointed out that Spirogyra 
possesses sufficient synthetical ability to restore the stability of its proto- 
plasm. In the case of yeast cells this ability is also very high. As is 

6 Davis, G. Instruments for radiometric investigations, etc. Gen. Electric Review, 
February, 1931. 98-103. 
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known, yeast cells placed in a proper nutritive medium begin to multiply 
at once, but even in spring water the formation of buds is observed. It is 
therefore not surprising that yeast cells, suspended in spring water, are 
able to restore to some extent the stability of their protoplasm decreased 
by light. If the exposure to sunlight lasts for two hours, the restoration 
may sometimes be complete, as it is seen from experiments 4 and 5 (table 2), 
If alcohol is added before the exposure to sunlight, the above restoration 
is checked and a decrease of resistance is observed even after two hours, as 
is seen from experiments 6 and 7 (table 2). 


Table 2. Effect of Alcohol on Yeast Exposed to Light 


Alcohol 

Exper. 

Exper. 

Sunlight 

Exposure 

Period 

^minutes) 

Percent of Dead Cells 

Added 

No. 

Began 

Energy 

Before 

After 

Control 

After 

4 

10 A.M., May ii 

80 

15 

45 

48 

45 

exposure 

4 

10 A.M., May ii 

80 

30 

45 

75 ■ 

45 


4 

10 A.M., May ii 

80 

60 

45 

60 

45 


5 

11:30 A.M., May 12 

77 

120 

50 

45 

22 

Before 

6 

II :20 A.M., May 14 

78 

120 

2 

13 

6 

exposure 

7 

10:45 A.M., May i8 

89 

150 

2 

12 

5 


Experiments on Elodea 

The experiments on Elodea leaves were made in April and May, 1931 
and gave in general similar results to those on yeast cells ; they showed that 
the resistance of protoplasm to alcohol and iodine is lower after the exposure 
to direct sunlight than before. This may be seen from the following tables. 
Water bath temperature was 25° C. In most experiments the colorimetric 
method was used. Thus in all tables two numbers of dead cells are given, 
one found by the colorimetric comparison (Obs.) and one corrected according 
to permeability changes (Corr.). 


Table 3. Effect of Poisons on Elodea Cells Exposed to Light 


Exper. 

No. 

Exper. 

Began 

Sunlight 

Energy 

Exposure 

Period 

(minutes) 

Poisons 


Percent of Dead Cells 

Method 

Be; 

After 

Control 

Obs. 

Corr. 

8 

11:30 A.M. 

87 

40 

12% Alcohol 

II 

40 

— 

II 

Direct 

8 

11:30 A.M. 

87 

40 

12% Alcohol 

II 

40 

34 

9 

Colorimetric 

9 

10:30 A.M. 

92 

25 

12% Alcohol 

6 

14 

10 

5 

Colorimetric 

10 

11:15 A.M. 

92 

180 

12% Alcohol 

15 

50 

— 

10 

Direct 

10 

11:15 A.M. 

92 

180 

12% Alcohol 

12 

60 

56 

9 

Colorimetric 

II 

10:00 A.M. 

90 

90 

0.02% Iodine 

15 

40 

34 

12 

Colorimetric 

12 

9:15 A.M. 

60 to 92 

500 

0.02% Iodine 

II 

53 

52 

10 

Colorimetric 

13 

Noon 

92 

26 

12% Alcohol 

12 

22 

20 

10 

Colorimetric 

14 

10:00 A.M. 

85 

120 

12% Alcohol 

17 

55 

53 

14 

Colorimetric 


From these experiments it may be seen that the injuring effect of the 
exposure to direct sunlight increases rapidly during the first hour, so that 
the number of dead cells increases about three times. Further exposure 
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increases it, however, very slowly and even after an exposure of eight hours 
the amount of dead cells is increased by only one-third. This slow effect of 
sunlight may be ascribed to the synthetic activity of the cells, which restore 
the substances destroyed by light, although this restoration is not as active 
as in the case of yeast cells, and the resistance of protoplasm remains low 
if the exposure does not stop. On the other hand, transferring the leaves 
to the laboratory room (diffuse sunlight) stops the destruction, and the 
synthetic activity restores the former resistance of protoplasm in a com- 
paratively short time, as is seen from the following experiments. 

Experiment 15, An Elodea plant was cultivated on the window sill of 
the north side of the building in a crystallizing jar covered by a glass plate 
five mm. thick. At 9 :30 A.M., April 17, five leaves from one branch of the 
plant were cut off and the resistance of their protoplasm to 0.02 percent 
iodine was determined; fifteen percent of dead cells were found. At 10:00 
A.M. the jar with the plant was exposed to direct sunlight and immersed in 
the water bath (25® C.). At 11:00 A.M. the plant was brought to the 
laboratory room. Five leaves were cut and after the action of iodine, 38 
percent of cells were dead. (The corrected number was 35 percent). The 
plant remained on the window sill until 12:15 P.M., when five more leaves 
were cut. After the action of iodine, ii percent of the cells were dead. 
Three quarters of an hour was therefore sufficient for the plant to restore 
the stability of its protoplasm. 

In the author’s previous papers it was shown that the stability of proto- 
plasm of Spyrogyra changes under the influence of diffuse sunlight if it 
affects the plant for some hours ; moreover, daily variations of the stability 
are observed. A similar process could be detected also in Elodea, as is seen 
from the following experiments. 

Experiment 16. At 10:30 A.M., April 10, leaves from one branch of 
Elodea were put into two crystallizing jars filled with water. One of them 
was wrapped in black sateen, while the other remained uncovered. Both 
were standing on the window sill on the north side of the building, in diffuse 
sunlight. In five and a half hours, the leaves of the first portion had 20 
percent dead cells, while those of the second portion had 30 percent (direct 
method) after the action of alcohol (12 percent). 

Experiment 17. The number of dead cells after the action of alcohol 
(12 percent) in the leaves of the same branch of Elodea cultivated in diffuse 
sunlight was as follows (colorimetric method) : 


Bate April II April 12 April 13 

^ Time ir:20A.M. 4:56 P.M. 0:10 A.M. 5:43 P-M. 9:10 A.M. 4:30 P-M. 

Percent of Dead Cells 


Observed................. 13 18 8 16 8 18 

Corrected. .... ........ .... 16 10 13 10 16 
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Red and Blue-green- violet Rays 
The results described above are due to the action of complete sunlight. 
Some experiments will be now described which determine whether short or 
long wave-lengths are more active in producing the decrease of the stability 
of protoplasm. The tubes containing the plant were put into metal boxes, 
open from one side, which were covered by a filter, and the boxes were 
immersed in the water bath (temperature 26^ C.) and exposed to direct 
sunlight so that the tubes were illuminated through the filter. The filters, 
manufactured by Corning Glass Company, were the following: heat resisting 
red, G. 24, 2 mm. thick; and light-blue-green, G. 584, 4 mm. thick. The 
first transmits about 14 percent sun energy of wave-length 6000 A to 
7500 A (max. 6800 A), the second transmits about 25 percent energy of 
wave-length 3800 A to 6000 A (max. 4500 A). 

In the experiments on yeast cells, alcohol was added before the exposure 
to sunlight. The results are shown in table 4. 


Table 4. Yeast Cells Exposed to Red afid Green-blue-violet Rays 


Exper. 

Exper. 

Sun 

Exposure 

Period, 

(minutes) 

Alcohol 

Filter 

Percent of Dead Cells 

No. 

Began 

Energy 

% 

Before 

After 

Control 

17 a 

II :20 A.M., May 15 

92 

120 

17 

Red 

2 

8.8 

7 




Green-violet 

2 

17 

7 

18 

10 A.M., May 19 

80 

120 

18 

Red 

2 

20 

16 





Green -violet 

2 

29 

16 


If we divide the difference between the numbers of dead cells in the 
control tubes and in the illuminated tubes by the number of dead cells in 
the control tubes, we will obtain the relative increase of the number of dead 
cells produced by the illumination. If we now divide this relative increase 
of the number of dead cells by the amount of the energy transmitted by the 
filters expressed in percentage of the whole sun energy, we will obtain the 


activity of the rays. 


This activity for red rays is 


— ~ — (Exp. 17a) and 

7 X 14 


16 X 14 


(Exp. 18) ; that is, at an average it is equal to 0.017. The activity 


for green-blue-violet rays is 


10 


(Exp. 17) and • 


13 


7 X 25 16 X 25 

an average 0.04. Therefore red rays are about half as active as green-blue- 
violet rays. 

The experiments on Elodea leaves gave the following results shown in 
table 5. In these experiments the colorimetric method was used. 

Table 5. Elodea Leaves Exposed to Red and Green-blue-violet Rays 


Percent of Dead Cells 


Exper. 

No. 

Exper. 

Began 

Sun 

Energy 

Exposure 

Period 

(minutes) 

Alcohol 

% 

Filter 

Before 

After 

Control 



Obs. Gorr. 






19 

10 A.M., May i 

85 

120 

12 

Red 

20 

■22' 'V ■22'- " 

16 



Green -violet 

20 

54 50 


20 

10 A.M., May 4 

90 

120 

12 

Red 

rr 

tC 
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The activity of red rays for Elodea leaves is: 


6 j 4 
— and — 5 — or an 
16 X 14 H X 14 


'lA 

average of 0.023 ; and that of green-blue- violet rays is --r -- --- and — , 

ID A 25 14 X 25 

or an average of o.i i. Thus in the case of Elodea the activity of green-blue- 
violet rays is about four times greater than that of red rays; that is, the 
difference between the action of the rays with short and long wave-lengths 
is still greater than in the case of yeast cells. This fact may be ascribed to 
the absorption of red rays by chlorophyll. 


Ultraviolet Rays of the Sun Spectrum 
In the author’s previous paper ^ concerning the action of sunlight on red 
blood cells it was stated that, in contrast to visible rays, ultra-violet rays 
increase the stability of protoplasm if they act for a short time or are weak. 
They decrease the stability, however, if they act for a long time or are 
strong. Red corpuscles exposed to sunlight in quartz tubes showed no 
decrease and even an increase in their stability. The results of the experi- 
ments on Elodea exposed to sunlight in quartz tubes are seen from table 6. 
In these experiments the colorimetric method was used. 


Table 6. Elodea Leaves Exposed to Sunlight in Glass and Quartz Tubes 


Exper. 

No. 

Exper. 

Began 

Sun- 

light 

Energy 

Exposure 

Peiiod 

(minutes) 

Poison Tubes 

Percent of Dead Cells 

After 

Before Control 

Obs. Corr. 

21 

10:30 A.M., April 10 

92 

180 

1 1 % Alcohol Glass 

12 

60 

55 

12 





Quartz 


30 

23 


22 

Noon, April 20 

92 

30 

1 1 % Alcohol Glass 

12 

22 

14 

12 





Quartz 


16 

7 


23 

10:45 A.M., May 2 

85 

120 

12% Alcohol Glass 

20 

95 

93 

15 





Quartz 


85 

82 


24 

9:00 A.M., April 18 

87 

90 

0,2% Iodine Glass 

15 

28 

22 

II 





Quartz 


12 

6 


25 

10:00 A.M., May 4 

85 

120 

12% Alcohol Glass 

19 

55 

50 

14 





Quartz 


68 

62 



It may be seen from table 6 that in spite of a greater radiant energy 
received by the leaf cells in quartz tubes, the decrease of the resistance of 
their protoplasm to alcohol and iodine was in most cases smaller than in the 
glass tubes. Only in Experiment 25 was this decrease stronger. Therefore, 
in general, ultraviolet rays protected the leaf cells from the harmful effect 
of visible rays. 

The protective effect of ultraviolet rays was observed also in the case of 
an exposure to diffuse sunlight. Thus, for instance, after the exposure to 
diffuse sunlight for 320 minutes, alcohol (12 percent) killed thirty percent 
of the leaf cells in glass tubes and twenty percent of the cells in quartz 
tubes (direct method). 

^ Lepeschkin, W, W. 1931. Haemolysis and changes m resistance of erythrocytes 
produced by light. Protoplasma 14: 11-27, 
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Similar results were obtained in the experiments on yeast cells, as may 
be seen from table 7. 


Table 7. Yeast Cells Exposed to Sunlight in Glass and Quartz Tubes 


Exper. 

Exper. 

Sun- 

light 

Energy 

Exposure 

Alcohol 

Tubes 

Percent of Dead Cells 

No. 

Began 

(minutes) 

Added 

Before 

After 

Control 

26 

12:30 P.M., May 5 

90 

60 

After, 23% 

Glass 

Quartz 

45 

100 

65 

55 

27 

2 P.M., May il 

83 

30 

After, 23% 

Glass 

Quartz 

(Jlass 

Quartz 

46 

71 

50 

28 

II :20 A.M., May 15 

85 

120 

Before, 17% 

2 

50 

13 

8 

7 

29 

II A.M., May 18 

89 

150 

Before, 17% 

Glass 

Quartz 

2 

12 

10 

6 

30 

10 A.M., May 19 

87 

120 

Before, 18% 

Glass 

Quartz 

20 

0 0 

20 


Experiments in which Elodea leaves were exposed to ultraviolet rays 
separated from the visible rays of sunlight showed that first an increase of 
the stability of protoplasm took place, then the increase was gradually 
transformed to a decrease which grew in time. The maximum of stability 
was observed after different periods of exposure, according to the strength 
of the ultraviolet rays. The separation of ultraviolet rays from visible 
light was made with the filter Purple-ultra G. 586A (Corning Glass Company) 
which transmitted less than two percent of solar energy of the wave-length 
3200 to 4200 A (max. 3700 A) and about 10 percent of the whole energy of 
the ultraviolet rays. The results are given in table 8. The colorimetric 
method was used. The changes in permeability were indistinct (correction 
unnecessary). 

Tably 8 . Elodea Leaves Exposed to Ultraviolet Rays in Quartz Tubes {Filter G. sS6A) 


Experiment 31 

Noon, May 13 Exposure Period in Minutes. . . 0 5 10 20 40 105 200 

Ultraviolet Energy 14 Percent of Cells Killed by 12% 

Alcohol 16 12 15 22 26 25 30 

Experiment 32 

10:30 A.M., May 14 Exposure Period in Minutes. . . 0 3 6 14 28 63 120 

Ultraviolet Energy 12 Percent of Cells Killed by 12% 

Alcohol 15 12 12 8 14 15 20 


In the experiment in which the whole amount of ultraviolet rays of 
sunlight was acting on protoplasm the period of exposure was much shorter. 
The preliminary experiments showed that the visible rays of sunlight produce 
no effect on the stability of protoplasm if the exposure is shorter than five 
minutes. It was therefore possible to investigate the action of ultraviolet 
rays without separating them from visible rays and exposing the quartz 
tubes with Elodea leaves or yeast to direct sunlight without any filters or a 
'' 40 . . 
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water bath. The results are given in tables 9 and 10. In the case of 
Elodea the colorimetric method was used (no correction necessary). 


Table 9. Elodea Leaves Exposed to Direct Sunlight in Quartz Tubes Qio Filter) . 


Experiment 33 

Noon, April 23 

Exposure Period in Seconds. . 

0 

5 

15 





Ultraviolet Energy 14 

Percent of Cells Killed by 
12% Alcohol 

38 

16 

33 





Experiment 34 

1 1:00 A. M., April 25 
Ultraviolet Energy 8 

Exposure Period in Seconds. . 

0 

I 

2 

3 

5 

10 


Percent of Cells Killed by 

1 1 % Alcohol 

12 

12 

7 

8 

3 

7 


Table 10. Yeast Cells Exposed to Direct Sunlight in 

Quartz Tubes {no Filter) 


Experiment 35 

10:30 A.M., May 9 

Exposure Period in Seconds . . 

0 

I 

2 

4 

8 

16 32 

64 

Ultraviolet Energy 12 

Percent of Cells Killed by 
23% Alcohol after Expo- 
sure 

45 

46 

32 

32 

32 

28 30 

54 


The maximum of the stability of protoplasm of Elodea was reached, 
therefore, in four to five seconds. The energy of ultraviolet rays received 
by the leaves was about ten times greater than the energy received by the 
leaves through the filter, in which case the maximum of stability was reached 
in five to fourteen minutes. This result might show that the ultraviolet 
rays which were absorbed by the filter (wave-length below 3200 A) are 
probably the most active in producing an increasing effect on the stability 
of protoplasm. The action of these rays may be seen from the following 
experiments. 

Elodea leaves were exposed in quartz tubes to the ultraviolet rays of 
wave-length 3100, 3030, 2970, and 2920 A. For this purpose the sun 
spectrum of the spectrograph of the Desert Sanatorium was used. This 
instrument was recently described by Davis ( 1 . c.). The results are given 
in table ii. 


Table ii. Elodea Leaves Exposed to Ultraviolet Rays of Sun Spectrum {no Water Bath) 


Exper. 

No. 

Exper. Began 

Exposure 
Period in 
Minutes 

Percent of Cells Killed by Alcohol 
(12%) after Exposure to 
Wave-lengths of: 

Control 

Ultra- 

violet 

Energy 

3100 A 

3030 A 

2970 A 

2920 A 

36 

Noon, April 18. .... . 

•• 5 

60 

45 

28 

85 

30 

14 

37 

Noon, April 23 . . . . . . 

V 1-5 

15 

17 

: 22.' 

40 

38 

14 

38 

Noon, May 2 . . . . . . . 

0.5 

20 

20 

12 

14 

28 

14 


From these experiments may be seen that the exposure to the rays of a 
wave-length 3100, 3030, and 2920 A for five minutes decreased the stability 
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of protoplasm, while the ray 2970 A increased it. If the expOwSure was 
shortened to 1.5 minutes all rays except 2920 A increased the stability. At 
last even these rays produced an increase of stability if the exposure was 0.5 
minutes. At all events, the rays of a wave-length 2970 A are the most 
active in producing an increase of stability, while the most destructive are 
the rays of wave-length 2920 A. 

It is very probable that the protective and injurious effects of ultraviolet 
rays are independent of each other. These rays may even protect proto- 
plasm from their own destructive action. At all events, the comparison of 
the results given in tables 8, 9, 10, and ii with those given in tables 6 and 
7 shows that the protective effect is still distinct when the exposure lasts 
for such a long time that ultraviolet rays become harmful. Although 
the discrepancy between the results given in tables 6 and 8 may also be 
explained by the absence (among the rays transmitted by the filter used) 
of the rays most effective in producing an increase of the stability of proto- 
plasm, the comparison of the results given in tables 6 and 9 or 7 and 10 
shows that after the maximum of stability had been reached this stability 
decreased but remained In most cases greater than the stability in glass 
tubes (transmitting visible light). Ultraviolet rays penetrating protoplasm 
evidently produce some very rapid changes there, which remain during the 
whole exposure and which to some extent protect protoplasm from the 
injurious effect of visible rays. In the case of red blood cells this protective 
effect is so great that during the first two hours of exposure the stability of 
protoplasm usually remains greater than normal. 

It is quite impossible at present to give an entirely satisfactory explana- 
tion of the protective action of ultraviolet rays on protoplasm. Considering 
the fundamental work done by Clark,^ however, we would suggest that 
ultraviolet rays probably throw out electrons from the protein part of 
protoplasm and make the latter more alkaline. A slightly alkaline reaction 
is known as favorable to living processes, and in the author’s papers cited 
above it was shown that alkaline reaction increases the resistance of Spirogyra 
protoplasm to mechanical injuries and high temperature. It may also 
protect protoplasm from the harmful effect of visible light and poisons. 

Summary 

1 . Visible rays of direct sunlight decrease the stability of living matter. 
This decrease is also produced by diffuse sunlight but the exposure must be 
longer. At night the stability of protoplasm is greater than by day. 

2. The resistance of living matter to alcohol and iodine, after exposure 
to light, was investigated on yeast cells and leaf cells ol Elodea. 

3. The decrease of the stability of living matter produced by direct 
sunlight disappears soon in diffuse light because synthetic processes of the 

s Clark, Janet H. 1922. Amer. Jour. Physiol. 61: 72-79. 1925. Ibid. 73; 649- 
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CITRIC ACID PRODUCTION BY ASPERGILLUS NIGER'- 

Nandor Forges 

(Received for publication January 4, 1932) 

A detailed review of the literature concerning the production of adds 
by fungi has been presented by Bernhauer and Sdioen (2), Challenger (10), 
Schober (18), and Chezaszcz and Tiukow (ii). A number of theories con- 
cerning the mechanism of citric acid formation have been proposed. These 
may be summarized as follows: 

1. The acid is a product of proteolysis and is a residue in the decom- 
position of amino acids (14, 15). 

2. The acid is a result of a synthetic process, after the sugar is broken 
down to shorter chains of carbon. Thus the units may be acetaldehyde 
(13), oxalic and acetic acids (4), or acetic acid (ii). 

3. The acid is formed by an inner aldolization prpcess, whereby a five- 
carbon ring is produced which oxidizes to citric acid (6) (7). 

4. The acid is a result of progressive oxidation of sugar to gluconic, 
saccharic, adipic, and then to citric acid (8, 9, 10). 

Methods 

One-hundred cc. portions of the experimental solution were placed in 
250 cc. Erlenmyer flasks and sterilized for 20 minutes at 10 pounds pressure. 
After cooling, these were inoculated with a spore suspension and incubated 
at 28°~30® C. for the allotted periods of time. Upon removal from the 
incubator, the weight of fungus, sugar, total acidity, citric and oxalic 
acids were determined. Each test was run in duplicate, and the data given 
in the tables are the average values of the two flasks. The values of these 
similarly treated flasks approximated each other. 

Total acidity was obtained by titrating an aliquot with o.iN NaOH, 
using phenolpthalein as the indicator. 

The oxalic and citric acids were determined gravimetrical ly as the calcium 
salts according to the method of Bernhauer (i). The culture solution was 
made up to 250 cc. and 50 cc. removed for analysis. To this aliquot 10 cc. 
of 10 percent CaCb were added, and neutralized with 10 percent NH4OH. 
Two cc. of a 20 percent HCl solution were then added and the solution 
heated for a short while. This was then allowed to cool and the calcium 
oxalate was filtered through a tared Gooch crucible and washed with cold 
water. The salt was dried at 100® C. and weighed as Ca(00C)2-H20, 
which contains 61.62 percent water-free oxalic acid. 

The filtrate and the washings were concentrated and, while hot, ammo- 
nium hydroxid was added to bring about neutralization. Concentration 

^ Journal Series paper of the New Jersey Agricultural Experiment Station, Department 
of Soil Chemistry and Bacteriology. 
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was continued to a volume of 25-30 cc. The solution was filtered hot 
through a tared Gooch crucible, washed with hot water, and then with 60 
percent alcohol. The salt was dried at i lo"^-! 15° C. and the calcium citrate 
thus obtained was multiplied by 0.7709 to give the amount of citric acid. 
By this method 96 percent of the theoretical value of the acids was recovered. 

The organism used for these studies is designated as Aspergillus niger 
No. 5 from the collection kept by Dr. S. A. Waksman at the New Jersey 
Agricultural Experiment Station. This strain had previously given indi- 
cations of a high acid production and an opportunity was taken to find the 
optimum conditions for a high citric acid yield, such yield to be obtained 
in a shorter period of time. 

Experimental Results 

The ability of the fungus to produce acid was first ascertained by 
growing it in the following medium : cane sugar, 200 gm. ; NH4NO3, i .0 gm. ; 
K2HPO4, o.i gm.; KCl, o.i gm.; MgS04.7H20, o.i gm.; FeCb, 0.02 gm. 
and water to make one liter. The amount of titratable acid was highest 
after seven days, reaching a value equivalent to 30 cc. o.iiV per 100 cc. of 
culture solution. This preliminary work was followed by a study of the 
influence of the various salts upon the production of citric acid. 

Influence of Nitrogen Salts upon the Production of Citric Acid 
Inorganic nitrogen salts were used in different amounts, as indicated in 
table I , with the other ingredients remaining the same as given above. The 
solutions were removed after 4, 7, and 12 days, but as the short incubation 
period gave only small amounts of citric acid these values are not recorded 
in the table. 

Table i. Influence of Inorganic Salts Containing Nitrogen upon Citric Acid Production by 
Aspergillus niger on a 20 Percent Sugar Solution 

Sugar Utilized Total 

lacuba- Trunffns Titratable Citric Disap- Sugar Sugar 

Nitrogen Amount tion rmwHi Acidity Acid peared Converted Converted 

Source (gm.) Period V/io Found from to Citric to Citric 

(days) (cc.) (gm.) Solution Acid Acid 

(gm.) (%) (%) 

(NH4)2S04 0.25 7 0.24 44 0.027 4.2 0.64 0.14 

12 0.25 39 0.067 4,9 1.36 0.34 

1. 00 7 0.64 104 0.294 6.5 4.52 1.47 

12 0.69 III 0.359 8.8 4.08 1.79 

3- 00 7 2.12 192 0.684 7.95 3.42 

12 2.04 205 0.864 10.8 8.00 4.32 

NH4NO3 0.15 7 0.40 52 0.078 3.9 2.00 0.39 

12 0.36 50 0.039 7-S 04® 0.20 

0.50 7 0.61 104 0.374 4-8 7.79 1*87 

12 0.58 90 0.327 10.2 3.20 1.64 

4- 00 7 2.03 168 0.891 5.4 16.50 4.46 

12 2.00 122 0.579 II-2 5-17 2;90 

NaNOa 0.30 7 0.21 69 0.139 54 2.57 0.70 

12 0.44 58 0.019 54 0.35 0.09 

U20 7 0.60 158 0,590 5-7 10.35 2.95 

12 0.77 158 0.632 9.3 6.79 3‘I6 

7 2.33 304 1.590 9.8 16.23 7-95 

12 1.90 289 1.455 12.4 11.73 7*28 


4.00 
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It is noticeable that the highest yield of citric acid was obtained with 
4.0 gm. NaNOs per liter and not with NH4NO3 as has been reported previ- 
ously (12). An incubation period of 7 days gave the best yield with about 
16 percent of the sugar that had disappeared being utilized. Increasing the 
incubation period tended to decrease the amount recovered. 

In a similar manner it was determined that for the maximum yield of 
citric acid the optimum amounts of the salts per liter were: K2HPO4, i.o 
gm.; KCl, 0.5 gm.; MgS04.7H20; 0.5 gm. 

Influence of FeCls 

As shown in table 2, the presence of FeCIs affected the formation of acid. 
The acidity and weight of the fungus reached a maximum when 0.02 gm. 
FCI3 was added per liter. These values then decreased with higher con- 
centration of iron and a distinct toxic effect was noticeable with the greatest 
amount of FeCls used. Thus, the addition of iron increased the growth 
until the optimum was reached, but at the same time waste products per 
unit of growth showed only slight variations as indicated by the acidity of 
the solution. 

Table 2. Influence of FeCh upon the Production of Acid by Aspergillus niger in a 20 
Percent Sugar Solution in Seven Days 


FeCla per Liter Fungus Growth Titratable Acidity iV/io 

(gm.) (gm.) (cc.) 


0.00 0.67 91 

O.OI ' 1.74 270 

0.02 2.73 370 

0.05 2.60 364 

o.io 2.53 323 

0.20 0.36 , 48 


Influence of Other Metallic Salts 

In order to test the action of certain other metallic elements upon the 
yield of citric acid by the fungus under consideration, concentrations of 0.0 1 
gm. ZnS04, MnS04, NiS04, and CUSO4, per liter of medium were tried, 
and the results obtained are presented in table 3. The zinc salt gave the 
most marked effect, increasing the actual yield of citric acid as well as the 
amount of acid obtained per unit of sugar used. The other elements proved 
inhibitory at these concentrations. 

Table 3. Influence of Various Metallic Salts, o.oi gm, per Liter, on the Production of Citric 
Acid by Aspergillus niger in a 20 Percent Sugar Solution, in Seven Days 


Acid Production Utilized Total 

Sugar Fungus ^ Sugar Sugar 

Salt Consumed Growth Oxalic Citric Titratable Changed Recovered 

(gm.) ^gm.) Acid Acid Acidity to Citric as Citric 


None. . . . .... 9.8 2.32 0.218 1.600 300 16.32 8,00 

NiS04 5.0 0.40 0.029 0.213 72 4.26 i.oi 

MnS04... 5.0 0.72 0.092 0.367 102 7.34 1.84 

CUSO4 . . .. . . . 7.0 0.97 0.132 0.093 I19 1*33 47 

ZnS04 ....... 9.0 2.94 0.341 1.850 400 20.55 9*25 
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The amounts of acid recovered as citric and oxalic in the solution which 
did not contain the heavy metals show good agreement with the titratable 
acidity. In the other solutions, the acids identified did not account for the 
total acidity. This is presented more clearly in table 4, As interest lay 
in obtaining high yields of citric acid, no quantitative tests were made for 
other organic acids that are produced by fungi. Gluconic acid was identi- 
fied, and this apparent discrepancy between the titratable acidity and 
recovered acids must be due to the various acids produced in the medium 
as the result of side reactions. 

Table 4. Differences in Titratable Acidity and Identified Acids in a 20 Percent Sugar 

Solution 


Oxalic Acid Citric Acid 

Titratable Acidity ’ Acidity 


Salt Used Acidity Equivalent Equivalent Accounted Unaccounted 

iV/io Found iV/io Found AT/io for for 

(cc.) (gm.) (cc.) (gm.) (cc.) (cc.) (cc.) 


None.... 300 0.218 48.5 1.600 250.0 298.5 1.5 

NiS04. 72 0.029 6.4 0.213 33.3 39.7 32.3 

MnS04... 102 0.092 20.5 0.367 58.8 79.3 22.7 

CUSO4 119 0.132 30.0 0.093 14.5 44.5 74.5 

ZnS04 .400 0.341 75*8 1*850 289.1 364.9 35.1 


Influence of Zinc Concentration 

The addition of ZnS04 to a solution has been shown to increase fungus 
growth and, at certain concentrations, to inhibit spore formation (17); in 
fact it has been stated that zinc is essential for the proper metabolism of the 
fungus (3). Steinberg (19), working with two strains of Aspergillus niger, 
found that the minimum amount of zinc necessary to obtain maximum 
growth 'varied with the strain, and that the addition of both iron and zinc 
gave the greatest growth. In media prepared for citric acid production, 
Molliard (16) added 0.026 gm. ZnS04 per liter, while Bernhauer (i) used 
0.05 gm. and Butkewitsch (5) o.i gm., whereas Currie (12) believed zinc 
unessential. Such differences in opinion as to the efficacy of this element 
made the experiment to determine the optimum concentration of ZnS04 
necessary. Concentrations of this salt varying from o.oi to o.io gm. per 
liter were prepared, inoculated, incubated, and analyzed with the results 
recorded in table 5. Increasing the amount of zinc increased the yield of 

Table 5. Influence of Zinc Sulfate upon the Production of Citric Acid by Aspergillus niger 
in a 20 Percent Sugar Solution 


Amount 

of 

ZnS04 

per 

Liter 

(gm.) 

Incu- 

bation 

fdays) 

Sugar 

Consumed 

(gm.) 

Fungus 

Growth 

(gm.) 

Acid Production 

Utilized 
Sugar 
Converted 
to Citric 
Acid 
(%) 

Total 
Sugar 
Recovered 
as Citric 
Acid 
(%) 

Oxalic 

Acid 

(gm.) 

Citric 

Acid 

Found 

(gm.) 

Titratable 

Acidity 

iV/io 

(cc.) 

O.OI ... . 

4 

7-93 

1*33 

0.2GI 

I.314 

267 

16.57 

6.06 


7 

10.12 

2.18 

0,293 

2-338 

452 

23.10 

11.69 

0.05. . . . . 

,..4 

7*03 

1.48 

0,214 

1.257 

256 

17.88 

6.29 


7 

10.62 

2.13 

0.315 

2.317 

460 

21.80 

n.59 

0.075..... 

.. 4 

7*73 

1-56 

0.235 

1440 

287 

18.63 

7,20 


7 

9*77 

2.08 

0.320 

2.292 

455 

23.35 

11.46 

O.IO 

.. 4 

8.48 

1.56 

0.237 

1.489 

296 

17*56 

7*45 


7 

10.75 

2.17 

0.319 

2.540 

495 

23.63 

12.70 


July, 1932] 


FORGES — CITRIC ACID PRODUCTION 


563 


citric acid from 8 percent of the available sugar where no zinc was added 
(table 3) to 12.7 percent where o.io gm. zinc was added per liter. A solution 
containing o.oi percent ZnS04 gave almost as good results in 4 days as the 
zinc-free solution gave in 7 days. 

The growth in the presence of increments of zinc showed marked dif- 
ferences. The dark spores were replaced by spores of a gray to green tinge 
and in the higher concentration spore formation was almost totally repressed. 
At the same time the mat showed heavy corrugations which folded deeply 
into the liquid. Evidently, the presence of zinc in the solution favored the 
vegetative processes in the fungus and accelerated the production of citric 
acid. 

Another series of flasks was prepared containing ZnS04 in concentrations 
up to 0.5 gm. per liter. The acidity was practically alike in those concen- 
trations up to 0.3 gm. per liter and then began to drop off. As o.i gm. 
ZnSOi gave the best yield this amount was used in the following experiment. 

The Influence of Sugar Concentrations 

The sugar content of the solutions commonly used by investigators 
varied from 5 to 20 percent. In order to determine the concentration of 
sugar that will give the greatest citric acid yield with the particular strain 
of Aspergillus niger^ different amounts of sugar were used as indicated in 
table 6. 


Table 6. Influence of Sugar Cojicentration tipon the Production of Citric Acid by Aspergillus 

niger in Seven Days 


Sugar 

Concen- 

tration 

(%) 

Sugar 

Consumed 

(gm.) 

Fungus 

Growth 

(gm.) 

Acid Production 

Utilbed 
Sugar 
Converted 
to Citric 
Acid 
(%) 

Total 
• Sugar 
Recovered 
as Citric 
Acid 

C%) 

Oxalic 

Acid 

(gm.) 

Citric 

Acid 

Found 

(gm.) 

Titratable 

Acidity 

Niio 

(cc.) 

5 

4-83 

1.58 

0.422 

0.046 

II4 

0.95 

0.92 

10 

7.81 

2.55 

0.463 

1.216 

248 

15-57 

12.13 

15 

9-85 

2.67 

0.259 

2.375 

416 

24.11 

15.83 

20 

10.15 

2,85 

0.159 

2.726 

503 

26.66 

13.63 


The amount of sugar consumed increased with an increase in the amounts 
available to the organism. However, there was no direct ratio, for of the 
20 gm. available, 10.15 gm. were used. One would then be led to believe 
that if 10 gm. of sugar were available all would be utilized, but this was not 
the case, since only 7.81 gms. had disappeared. Using a 20 percent sugar 
concentration gave the highest titratable acidity per unit of sugar utilized 
and in this solution the highest amount of utilized sugar was converted to 
citric acid, but the recovery based on the total sugar present was less than 
in the solution containing 15 percent sugar. The 5 percent sugar solution 
gave an extremely low recovery of citric acid, and is the result of insufficient 
sugar and the subsequent utilization of the citric acid by the fungus. The 
necessity of high concentrations of sugar is clearly indicated. 
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The foregoing experiments have shown that Aspergillus niger gave a high 
yield of citric acid when grown in the following culture solution for 7 days 
at 28°-30° : 


Sugar (sucrose) 150-200.00 gm. 

Sodium nitrate (NaNOg) 4-^0 gm.-- 

Di-potassium phosphate (K2HPO4) i-oo gm. , 

Magnesium sulfate (MgS04.7H20) 0.50 gm. — 

Potassium chlorid (KCl) 0.50 gm.v.^ 

Ferric chlorid (FeCU) 0.02 gm. 

Zinc sulfate (ZnSo4) o.io gm. 

Water to make up to i liter 


Acid Formation as Influenced by Aeration 
As citric acid in an oxidation product of a hexose (C6H12O6 + i >^02 
= CcHaO? + 2H2O) it was thought that aeration would increase the acid 
yield. Flasks were so arranged that when suction was applied a continuous 
flow of cotton-filtered air was passed through the solution. With one 
series, air was bubbled through immediately upon inoculation; while with 
another series, the growth was allowed to form over the surface before the 
solution was aerated. The liquid was covered with a thin mat in 48 hours. 


Table 7. Influence of Aeration upon Acid Formation by Aspergillus niger 



Incubation 

(days) 

Sugar 

Consumed 

(gm.) 

Fungus 

Growth 

(gm.) 

Titratable 

Acidity 

NJio 

(cc.) 

Aeration 

4 

8.4 

0.18 

22 

Continuous 

7 

8.6 

0.40 

28 

Aeration after pellicle formation 

.......... 7 

lO.O 

0,49 

26.5 


As can be seen from table 7, the amount of sugar that had disappeared 
was large, but the acid yield was negligible when compared to that previ- 
ously obtained. The organism showed but slight growth; evidently 
oxidation had proceeded too far, the sugar having been broken down 
completely, instead of to the intermediate acids stage. 

Other Experiments on the Production of Acid by Aspergillus niger 

Currie (12) suggested the possibility of renewing the solution and allow- 
ing the same fungus growth to continue its action, while Bernhauer (i) 
conducted his experiments on gluconic acid production in a similar manner. 
In the following experiment, a similar plan was tried in which the fungus was 
permitted to continue its activity on sugar solutions in the presence and 
absence of nutrient salts. This method yielded only small amounts of 
citric acid in the renewed solutions with most of the sugar remaining unused. 
The production of this acid must be linked with the early processes of growth. 

A study of acid formation by reinoculating the spent solution after a 
greater part of the acid was neutralized with CaCOs was then tried. The 
yield of citric acid was greatest in the first period of 7 days, while in the 
reinoculated solutions this acid showed practically no increase. 
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Comparison of Various Media for Citric Acid Production 
When comparing two other media that have been extensively used for 
the production of citric acid by fungi with the one proposed in this article, 
marked differences were noted. The solutions proposed by Currie (12) 
and Bernhauer (i) were studied for the comparative purposes. 

Currie made use of the following solution: 150 gm. sucrose; 2.5 gm. 
NH4NO3; i.o gm. KH2PO4; 0.25 gm. MgS04.7H20; 5 cc. HCl (to PH3.5); 
water to 1000 cc. 

Bernhauer used the following solution : 100 gm. sucrose; 2 gm. NH4NO3; 
0.5 gm. KH2PO4; 0.5 gm. MgS04,7H20; 0.05 gm. FeCU; 0.05 gm. ZnS04. 


Table 8. Citric Acid Production in Various Solutions hy Aspergillus niger 



Sugar 

Content 

(%) 

Sugar 

Consumed 

(gm.) 

Incubation 

Period 

(days) 

Fungus 

Growth 

(gm.) 

Titratable 

Acidity 

Nfio 

(cc.) 

Citric 

Acid 

(gm.) 

Oxalic 

Acid 

(gm.) 

Utilized 
Sugar 
Converted 
to Citric 
Acid 
(%) 

Total 
Sugar 
Recovered 
as Citric 
Acid 
(%) 

Currie's 


4.69 

7 

1.89 

160.0 

0.840 

0.004 

17.9 

5-6 

solution 

. 15 

8.18 

10 

2-75 

374-6 

2.310 

0.035 

28.2 

15-4 

Bernhauer's 

5.00 

7 

I.8I 

I4I.O 

0.775 

0.040 

15-5 

7.8 

solution 

10 

5*32 

10 

r.89 

173-9 

0.989 

0.054 

18.6 

9-9 

New 


8.99 

7 

2.52 

503-0 

2.726 

0.317 

30.3 

13.6 

solution 

20 

8.94 

10 

2.66 

505-7 

2.880 

0.356 

32.2 

14.4 


The results obtained as shown in table 8 gave the effect of ZnS04 on 
the production of citric acid. Although Currie's solution gave a high yield 
of the acid in lo days, the new solution gave almost the same yield in 7 days 
when figured on the percent of sugar recovered. In fact, in some of the 
flasks the percent recovery was comparable to those obtained by Currie. 
The actual yield of citric acid is much greater in the new solution. Bern- 
hauer's solution is not as efficient as either of the other two. The yield in 
the zinc-containing solution was not increased markedly by permitting the 
flasks to remain in the incubator for 10 days. Thus, the process of citric 
acid production by fungi can be shortened by 3 days. 

Discussion 

The Aspergillus niger used throughout these investigations produces the 
greatest amount of citric acid when NaNOs and not NH4NO3 is used as a 
source of nitrogen. In fact, all media that have been proposed for high 
yields of this acid contain the nitrate radical, and undoubtedly nitrogen in 
such a form is prerequisite for the production of large amounts of citric acid. 
Although oxygen is necessary, yet the supply must be limited; otherwise, 
with an unlimited supply of oxygen the citric acid does not accumulate but 
is broken down to CO2 and water as is indicated by the aeration experiment. 
The acid is not found in large amounts until a heavy mat of mycelium has 
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been produced over the surface of the medium. Such a heavy growth tends 
to limit the supply of available oxygen within the solution and favors the 
partial oxidation of the sugar to citric and other organic acids. 

The production of citric acid is evidently dependent on the early growth 
processes of the fungus. If a heavy fungus mat forms rapidly on the 
surface of the solution, high acidity may be expected. The proper concen- 
tration of iron favors such rapid and heavy growth. Of the various other 
heavier metals, zinc gives increased yields of citric acid. The type of 
growth is greatly modified by the addition of zinc, showing very few dark 
spores and a heavy vegetative growth with wrinkles and folds. Such a 
type of mycelial development, which is essential to high acid yields, is also 
favored by high concentrations of sugar. The depression of spore formation 
and the promotion of mycelial or vegetative growth is a necessity for high 
citric acid recovery. 

Summary 

1. A strain of Aspergillus niger which had been isolated from the soil 
was studied as to its ability to produce citric acid in a sugar solution, and 
an increase in o.iiV titratable acidity from 30 cc. to 500 cc. per 100 cc. 
culture solution was obtained by the modification of the original solution. 

2. Sugar concentrations of 15 to 20 percent were necessary for high 
yields of citric acid, although the sugar was not completely used. 

3. A 5 percent concentration of sugar gave small yields of citric acid, as 
this acid was used as an energy source by the organism. 

4. As a source of nitrogen, NaNOs was far superior to NH4NO3 or 
(NH4)2S04 for citric acid production. 

5. The presence of iron and zinc was essential for rapid growth and 
increased citric acid accumulation. 

6. Zinc especially favored such acid production which was accompanied 
by the absence of dark spores and the increased development of mycelial 
or vegetative growth. 

7. Renewing the spent solution under the hyphal mat gave no increased 
acid yields. 

8. Aerating the solution permitted no accumulation of the citric acid. 

9. The greatest yield of citric acid was obtained after an incubation 
period of 7 days. 

The author is indebted to Dr. S. A. Waksman for suggesting the problem 
and for his helpful and friendly criticisms during the progress of this work. 

New Jersey Agricultural Experiment Station, 

New Brunswick, New Jersey 
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THE INFLUENCE OF NARCOTICS, MECHANICAL AGENTS, 
AND LIGHT UPON THE PERMEABILITY OF 
PROTOPLASM 

W. W. Lepeschkin 

(Received for publication January 12, 1932) 

Some facts observed by the author (9, 12) caused him to conclude that 
not only the surface of protoplasm but its whole mass is responsible for the 
peculiarities of osmotic processes in the cell, although different parts of 
protoplasm may have different osmotic properties. We may expect, 
therefore, that every chemical change brought about in protoplasm, every 
dissolving of foreign substances in it or a removal of substances from it, 
may influence its osmotic properties. 

Thus, it is not surprising that light, which produces a photochemical 
change in protoplasm (13), brings about an increase of its permeability. 
It is also comprehensible that narcotics change its permeability. They can 
produce this change, for instance, if they dissolve in protoplasm or if they 
remove lipoids from it. In both cases the solvency of protoplasm is changed. 
In the first case a decrease of the permeability to substances insoluble in 
narcotics may be expected ; in the second case an increase of the permea- 
bility to substances insoluble in lipoids may be observed. The author’s 
experiments showed, indeed, that low concentrations of narcotics decrease 
the permeability, while high concentrations increase it (5, 6), This result 
was confirmed later by several investigators. The literature may be found in 
Winterstein’s monograph of narcosis (18). An increase of permeability 
produced by ether was also recently observed by Weber and Hofier (17). 

In the present paper experiments are described in which some details of 
the action of narcotics on the permeability of protoplasm are elucidated. 
In connection with their increasing effect on this permeability, which doubt- 
less should be ascribed to their destructive effect on protoplasm (compare, 
for instance, evidences mentioned in Winterstein’s monograph), there is a 
destructive effect of mechanical agents on protoplasm. Special experiments 
were therefore necessary to investigate these effects. It was also important 
to determine whether narcotics influence the permeability changes produced 
by light. As is known, narcotics check some processes of metabolism (for 
instance, photosynthesis and respiration) ; one might expect, therefore, that 
they may also check the changes of permeability. Indeed, Trondle (14) 
described some experiments to prove that the increase of permeability in 
light does not occur in the presence of narcotics. According to my opinion, 
however, these experiments really show only that the permeability of 
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protoplasm is less in the presence of narcotics in light. To support this 
opinion some experiments on the simultaneous effect of narcotics and light 
are described in the present paper. 

Material and Methods 

Two methods for the determination of the permeability of protoplasm 
were used. One was that of the absorption of aniline dyes, the other that 
of isotonic coefficients. The experimental material was leaves of Elodea 
canadensis and the epidermal cells from the lower side of the main vein of 
the leaves of Tradescantia (Rhoeo) discolor. Elodea was used in both 
methods, while Tradescantia only in the method of isotonic coefficients. 
The colorimetric method of the absorption of aniline dyes in application to 
Elodea was recently described by the author (13). The method of isotonic 
coefficients, which was described by the author more than twenty years 
ago (4), may be considered the best among the so-called osmotic methods 
for the determination of permeability (7). The critics of the method did 
not use it in a proper manner and secured inexact results. Thus, some 
important details of this method should be emphasized here. 

The osmotic pressure of an aqueous solution does not depend upon the 
properties of the membrane if the membrane is impermeable for the solute. 
If the membrane (,in our case the protoplasmic layer separating the cell sap 
from the cell membrane and the outer solution) is permeable for the solute, 
the osmotic pressure (that is, the force necessary to separate the solute from 
the solvent by means of the membrane) depends upon the permeability of 
this membrane to the solute. If we plasmolyze the same cell with solutions 
of two substances, one penetrating comparatively easily through protoplasm 
and the second not penetrating, we shall find that the theoretic osmotic 
pressure (calculated from freezing point, for instance) of the solution of the 
first substance, producing the same degree of plasmolysis as the solution of 
the second substance, is greater than the theoretical osmotic pressure of 
the latter. The real osmotic pressure of the first solution P, that is the 
pressure equal to the pressure of the second solution, can be calculated from 
the formula P = Po(i - m), where Po is the theoretic osmotic pressure and 
M is the permeability factor which may be considered proportional to the 
permeability of protoplasm to the first substance. This factor can be 

C 

calculated from the formula /t = i — where C is the concentration of the 

easily penetrating substance (found from physico-chemical tables) the 
solution of which has the same osmotic pressure as the solution ^of the 
substance which does not penetraie and produces plasmolysis, and C' is 
the experimentally determined concentration of the easily penetrating sub- 
stance. The above formula is an approximate one, but it permits the 
detection of changes of permeability which are greater or smaller than 3 
to 20 percent of its initial value (7). 
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In the present experiments sucrose and potassium nitrate were used as 
plasmolyzing substances. Both were obtained from Merck, dried in a 
desiccator, and dissolved in water distilled in a glass still, the pH of which as 
well as that of the solutions was always adjusted to 7.3 by an addition of 
NaH2P04 and Na2HP04 in an amount smaller than 0,001 gram-niol in 
1000 CG. The standard solutions contained 0.5 gram-mol of sucrose or 
potassium nitrate in 1000 cc. in the case of Elodea, and 0.3 gram-mol in 
1000 cc. in the case of Tradescaniia; they were kept in bottles with ground 
glass stoppers in a refrigerator and diluted with distilled water before experi- 
ments. The concentrations of plasmolyzing solutions were first determined 
approximately, then two sets of solutions with concentrations between the 
found limits C'no plasmolysis” and '‘all cells plasmolyzed'’) were made. 
The difference between neighboring concentrations in the set were 0.005 gr. 
mol. for KNO3 and o.oi gr. mol. for sucrose in the case of Elodea; 0.002 gt. 
mol. for KNO3 and 0.004 gr. mol. for sucrose in the experiments on Trades- 
cantia. Each set usually contained six concentrations, but sometimes ten. 
The solutions were poured into specimen vials closed with corks. 

In most experiments cut leaves of Elodea or slices of T radescantia were 
kept in spring water (pH = 7.3) for about ten hours before using them. 
Elodea leaves were cut from the same branch of the plant, while the epidermal 
slices were taken from the same spot of Tradescaniia leaf. In order to deter- 
mine the permeability factor in the case of Elodea about 12 leaves were put 
into solutions of KNO3 of different concentrations. As the water should be 
removed from the wet leaves by blotting paper, the operation took about 
three minutes. In seven minutes the leaves were investigated under the 
microscope beginning with the leaves kept in the greatest concentration. In 
20 minutes this investigation was finished, and the leaves were transferred to 
the sugar solutions ; their investigation under the microscope began in 30 
minutes and was finished in 40 minutes. The indicated periods of time were 
sufficient for the settlement of the osmotic equilibrium.^ A concentration in 
which half of the cells of a leaf were plasmolyzed was considered to be 
isotonic. If the number of plasmolyzed cells was smaller than that of non- 
plasmolyzed cells, the next greater concentration in the set was considered as 
isotonic. If the first number was greater than the second, the next smaller 
concentration was considered as isotonic. If almost all cells were plasmo- 
lyzed or not plasmolyzed, the leaf was transferred into a smaller or greater 
concentration, and investigated in 5 minutes (KNO3) or in 10 minutes 
(sucrose) once more. Only the cells of the lower layer of the leaf were 
considered. 

The concentration of the cell sap of Tradescaniia epidermis is smaller 
and varies more than that of Elodea leaves. Thus the isotonic concentra- 
tions of KNO3 and sucrose had to be determined on the same slice. Usually 

^ If the leaves remained longer in KNO3 solutions, an increase of the volume of proto- 
plast was observed (penetrating of KNO3 into the cell sap). 
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four to five slices were put into solutions of KNO3. In 15 minutes the 
microscopic investigation began, and it was finished in 30 minutes. Then 
the slices were transferred into sucrose solutions. The form of the slices 
was drawn on paper in order not to confuse them. The slices remained in 
the sucrose solutions for about 30 minutes, then the microscopic investiga- 
tion began, and in 40 to 50 minutes the isotonic concentrations were deter- 
mined. As isotonic was considered the concentration in which half of the 
number of cells of a slice were plasmolyzed. It is very important that in the 
case of Tradescantia the isotonic coefficients are determined on each slice 
separately. In the case of a greater concentration of cell sap and a smaller 
variation of this concentration in different cells (Elodea) average isotonic 
concentrations of KNO3 and sucrose for several leaves may be determined, 
but even in this case the same leaves for the determination of the isotonic 
concentration of KNO3 and sucrose should be used. Only this manner of 
determination of the permeability factors gives an exact result. It is 
therefore not surprising that Zycha (19) could not detect any permeability 
change using the method of isotonic coefficients in a wrong manner. 

This method of determination of permeability is better than other 
osmotic methods because the cells are submitted to a harmful influence of 
salt solutions for a much shorter time (20 to 30 minutes), and the whole 
process of determination of permeability requires only one to one and a 
half hours, while in other osmotic methods the cells are often immersed in 
a salt solution for several hours. 

Permeability and Narcotics 

As has been mentioned narcotics decrease the permeability of protoplasm 
for salts and some other water-soluble substances if they act in compar- 
atively small concentrations, while they increase this permeability if taken 
in greater concentrations.^ This double action of narcotics, however, is 
explained differently by different investigators. We may consider first the 
decreasing effect on permeability. 

The author’s explanation was quite simple : ether and chloroform dissolve 
in liquid protoplasm and, as they do not dissolve salts and some other water 
soluble substances, they in general decrease the solubility of these substances 
in protoplasm ; hence, the permeability decreases. Winterstein (18) thinks 
however that narcotics are adsorbed on the surface of colloidal particles of 
protoplasm, increasing their volume; the intervals between the particles 
decrease and penetrating substances are hindered on their way through 
protoplasm. This opinion was probably based on the fact that narcotics 
decrease the diffusion through artificial solid membranes. Protoplasm is 
liquid, however ; thus every increase of the volume of its dispersed phases 

^ It is evident that some intermediate concentration of a narcotic does not influence 
the permeability at all. Thus it is not surprising that Ruhland could not find any influence 
of ether on the permeability o( Spirogyra protoplasm (Jahrb. Wiss. Bot. 51; 376, 1912). 

, 4:1 . . 
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should lead to an increase of its viscosity. Heilbronn (2) and Weber (15, 16) 
found that the viscosity of protoplasm is decreased by small concentrations 
of narcotics. Therefore, Winterstein’s opinion is scarcely correct. 

In the author’s former paper on the action of narcotics on the perme- 
ability of protoplasm it was pointed out that chloroform and ether do not 
diminish permeability to the aniline dye Bismark brown, which dissolves 
better in them than in water. In the present experiments three aniline 
dyes were used: methylene blue, neutral red, and Gentian violet (National 
Aniline and Chemical Co.). We may test first the solubility of the dyes in 
narcotics. The dyes were dissolved in distilled water (pH = 7.1), The 
solutions containing 0.0008 percent of the dyes (about 20 cc. of each solution) 
were shaken with 3 cc. of chloroform and ether (Merck, redistilled before 
the experiments) and left for some hours. After a complete separation of 
the narcotics from water the concentration of the dye in water and in the 
narcotics was determined colorimetrically. It was found that methylene 
blue is much more soluble in water than in chloroform and insoluble in 
ether. Neutral red is much more soluble in ether and especially in chloro- 
form than in water. Gentian violet is much more soluble in chloroform 
than in water and insoluble in ether. Therefore, if the author’s opinion 
about the cause of a decreasing effect of small concentrations of narcotics 
upon permeability is correct, we may expect that ether and chloroform will 
decrease the permeability for methylene blue, while they will increase it for 
neutral red. At the same time, chloroform will increase it for gentian violet, 
while ether will decrease it for the same dye. 

In every experiment 40 leaves cut from the same branch of Elodea were 
put into a 0.0008 percent solution of one of three dyes in spring water 
(pH = 7.3, 0.002 percent Ca, 0.002 percent Cl) poured in eight specimen 
vials closed by corks (five leaves into each glass). The dye solutions con- 
tained different concentrations of ether or chloroform. In two hours the 
leaves were taken from the containers and the permeability of their proto- 
plasm for the dyes was determined colorimetrically. Preliminary experi- 
ments made in the same manner as described in the author’s previous paper 
(13) showed that neither the adsorption of the dyes on the cell walls nor 
the absorptive power of the cell sap is noticeably changed by narcotics taken 
in concentrations which are sufficient for narcosis but do not produce a 
gradual death (for instance, to 2 percent ether) while their lethal con- 
centrations (3 percent ether) slightly diminish the adsorption of the dyes 
on cell walls. As this adsorption (from 0.0008 percent dye solutions) gives 
only a small part of the tint of the leaves which have been immersed in 
0.0008 percent dye solutions, one has to conclude that it did not influence 
the results given below. The possible influence of narcotics on the perme- 
ability of the cell walls to the dyes is not important in our case because the 
permeability of the cell walls iri Elodm (a water plant) is many times greater 
than that of protoplasm, and the penetration of dissolved substances into 
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the cell is regulated almost exclusively by protoplasm. Thus the figures 
given below concern protoplasm. 

In all experiments with the absorption of dyes the latter were dissolved, 
as in the author’s previous experiments on the influence of light (13), in 
spring water the pH of which was 7,3. The variation of pH from 6 to 8 
did not influence the final result, however. 

In tables 1,2, and 3 an average permeability for five leaves from each 
vial is given. It should be remembered that the permeability, expressed in 
grams of a dye going through one square centimeter of the protoplasm 
layer during one hour divided by the concentration of the dye in percent, 
is equal to about 5*r*io“^ in the case of methylene blue because 
CjT = ('^3)* The preliminary experiments showed that this ratio 

is equal to 39/10*'^ for gentian violet and to 150/10® for neutral red. There- 
fore, the permeability for gentian violet may be considered equal to that 
of methylene blue (5-r*io“®), while the permeability for neutral red is 
20- T - 10""®. T represents the tint of the scale leaves (expressed in minutes 
of their immersion in a 0.0025 percent solution of the dye) (13). Sunlight 
was diffuse and temperature 24° C. 


Table I. Methylene Blue 


Concentration of ether in 













%* 
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0.5 

I 
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2 

2.5 
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3*5 

4 



Permeability X 10^ 

47 

41 
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54 
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All cells 










in 
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form in % 

0 

0.02 

0. 

05 0.07 O.I 
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0.15 

0.2 

0. 

25 

0*3 

Permeability X 10^ 

53 

50 

35 

37 

40 

55 
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Protoplasmic movement . 
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+ 

+ 

+ 
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are dead 

* By percentage is understood grams of substances in 100 cc. of the solution. 
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All 
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3. Gentian Violet 
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O.I 
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Permeability X 10®. .... . 



24 

34 

35 

38 


44 

53 


70 
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+ 

+ 

+ 
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All cells are dead 



574 


AMERICAN JOURNAL OF BOTANY 


[Vol. 19 


From tables i to 3 it may be concluded that only the solubility of a dye 
in a narcotic is important for the change of the permeability for this dye, 
produced by small concentrations of the same narcotic. Indeed, if the 
penetrating substance is more soluble in water than in a narcotic the perme- 
ability is decreased; on the contrary, if it is more soluble in the narcotic the 
permeability is increased. On the other hand, the increase of the perme- 
ability of protoplasm produced by narcotics taken in strong concentrations 
does not depend on the solubility at all ; it results from a gradual dying of 
the cells due to the poisonous action of narcotics. Cell death, a decom- 
position of the principal chemical compounds of the whole mass of the living 
matter contained in the cell, is accompanied by a loss of the selective perme- 
ability of protoplasm. A partial decomposition of these compounds leads 
to an increase of the permeability to water-soluble substances. The 
products of the decomposition may coagulate or partly dissolve in the sur- 
rounding water. If the decomposition and the coagulation are only slight, 
a recovery of life is possible, but if this decomposition is marked, the 
increase of permeability produced by stronger concentrations of narcotics 
is irreversible. It is not necessary to discuss here other theories of the 
increase of permeability produced by narcotics because they were submitted 
to a sufficient criticism in Winterstein’s book. 

Mechanical Influences and Narcotics 

The author’s former experiments showed that different mechanical 
agents (as for instance, blows, pressure, or cutting) produce first a decrease 
of the resistance of living matter to harmful effects (high temperature, 
poisons, etc.), and then a complete decomposition of its principal compounds 
and coagulation (or a partial dissolution in water, or cytolysis )(8, 9, lo). 
In other words, the effect of mechanical agents is similar to that of stronger 
concentrations of narcotics. We may expect, therefore, that mechanical 
influences will change the permeability in a similar manner. Moreover, 
the author’s experiments showed that mechanical effects can spread from 
cell to cell, and that weak effects which follow each other may add to each 
other. The same action may be also expected with permeability. 

The experiments with the absorption of methylene blue by Elodea 
leaves showed first of all that the mechanical effect produced by cutting 
spreads demonstrably only to two layers of cells adjacent to the cut. If 
the leaves were cut into small pieces and immersed in a 0.0008 percent 
solution of methylene blue, an investigation under the microscope in two 
hours showed that the cell layers just mentioned had absorbed much more 
dye than the cells in the middle of the piece. Therefore, if the area of the 
pieces was about two to three square mm., their tint was distinctly more 
intensive than that of uninjured leaves immersed in the same dye solution. 

In order to produce a mechanical effect on all cells of the leaf, 10 leaves 
were cut from the same spot of an Elodea branch, and five of them were 
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immersed for 10 minutes in a 35 percent solution of cane sugar where all 
cells were plasmolyzed and then put into water again. In five minutes all 
leaves were immersed in the solution of methylene blue (0.0008 percent). 
After two hours the permeability of protoplasm was determined colori- 
metrically. It was found to be, on the average, 32 in the normal leaves 
and 55 in the leaves which had been plasmolyzed. This experiment was 
repeated several times with a similar result. 

The application of the method of isotonic coefficients gave similar results. 
The mechanical influence of cutting reinforced the effect of the slight plas- 
molysis, and a distinct increase of permeability was observed as may be 
seen from table 4, where C' represents the isotonic concentration of KNO3, 
average for 8 leaves; C3 the isotonic concentration of sugar; C the concen- 
tration of the solution of KNO3 which has the same osmotic pressure as the 
sugar solution of the concentration Cs (average from that calculated from 
freezing point and that from electrolytic dissociation) ; and ju is the factor 

C 

of permeability calculated from the formula = i — . These figures are 

given for leaves cut from the plant 20 hours before the experiment, for the 
same leaves but cut into small pieces (about 2 mm. wide) before the experi- 
ment, and for the same pieces left for 20 hours in water. All concentrations 
are given in gram-molecules per liter. Diffuse sunlight. Temperature 26° C. 

Table 4. Lower Cell Layer of Elodea Leaves 


Leaves Cut Off 20 Hours 

Leaves Cut Into Pieces 

Pieces after 20 Hours 

before the Experiment 





C' C, C M 

C' 

Cs 

C fj. 

C Cs C IX 

0.355 0.49 0.295 0.17 

0.45 

0.51 

0.315 0.30 

0.43 0.54 0.335 0.22 


The corresponding experiment on Tradescantia was made in the following 
manner : One large piece of epidermis (14 mm. long, 4 mm. wide) was cut 
into two approximately equal pieces at 9 140 a.m. One of these pieces was cut 
once more into four pieces, and then all pieces were left in spring water. At 
2 :io P.M. the other half of the large piece was cut into eight pieces, and the 
factor of permeability of all pieces was determined. The results are given 
in table 5. The experiment was made in diffuse sunlight, temperature 
25° C. All concentrations are given in gram-molecules per one liter. 

Table 5. Epidermal Cells of Tradescantia 

Four Large Pieces Made Hours Eight Small Pieces Immediately 

Slices No. Before Investigation Slices No. Investigated 

a Cs C n C' Cs C n 


I 

0.144 

0.216 

0.122 

0.16 

I 

0.151 

0.216 

0.122 

0.20 

2 

0.143 

0.214 

0.121 

0.16 

2 

0.151 

0.218 

0.123 

0.19 

3 

0.144 

0.216 

0.122 

0.16 

3 

0.153 

0.222 

0.125 

0.19 

4 

0,141 

0.210 

0.119 

0.17 

4 

0.153 

0.222 

0.125 

0.19 






5 

0.154 

0.220 

0.124 

0.20 






6 

0.155 

0.222 

0.125 

0,20 






7 

0.154 

0.220 

0.124 

0.20 






8 

0.154 

0.218 

0.123 

0.21 


Average M = 0.16 Average m - 0.20 
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As is known, if the slices of Tradescantia epidermis are too thin, the 
cells become colorless in a few hours. In this case the cells were evidently 
so strongly affected mechanically by cutting that they gradually died. But 
if the slices are of a proper thickness, at least the cells in the middle of a 
slice recover, and then the slices can be kept in water (pH = 7.3) for 
several days in good condition. The present experiments showed that the 
factor of permeability decreases with the recovery of the cells, but after 
the minimum permeability has been reached the permeability increases 
again a little. So, for instance, the isotonic concentrations of KNO3 
and sucrose found one hour after the preparation of 6 slices were at an aver- 
age 0.141 and 0.212 (jLt = 0.15), while these concentrations found hours 
after the slices had been cut from the same spot of the leaf were 0.131 and 
0.208 {11 = o.io). They were 0,122 and 0.202 (m = 0.07) four hours after 
preparation of the slices. Left in water (pH = 7.3) for 18 hours the slices 
showed, however, a slight increase of the permeability again (the concen- 
trations were 0.134 0.208, fx = 0.12). It is therefore very probable 

that the decrease of permeability observed by Fitting (i) in the plasmolysing 
solutions of KNOgwas produced by a recovery of cells after the mechanical 
effect of slicing but not by the action of the salt, as Fitting thinks. In 
accord with the results of the present experiments Hofler (3), who could 
observe details of this process, came to the conclusion that permeability 
first increases and then decreases after several hours. In the process of 
slicing every cell is affected mechanically because a good slice contains 
only two or three layers of cells. 

Not only a cutting of neighboring cells but also an energetic bending of 
the cells produces a mechanical effect which can be detected with the 
method of isotonic coefficients. A piece of epidermis of Tradescantia one 
and a half centimeters long was washed out in water and cut into two equal 
pieces, one of which was cut in four more pieces; and then all epidermis 
pieces were left in water for 18 hours. The next morning the other large 
piece was bent for at least 50 times, then cut into four pieces, and the 
permeability factors determined. The results are given in table 6. 


Table 6. Epidermal Cells of Tradescantia 


Slices No. After i8 Hours in Water jtt 

C' Cs C 


Slices No. 


After the Mechanical Influence of 
Bending and Cutting 
a Cs C M 


I 

0.124 

0.206 

o.ii6 

0.065 

2 

0.124 

0.208 

0.118 

0.049 

3 

0.130 

0.210 

0.119 

0.050 

4 

0.128 

0.209 

0.118 

0.049 


Average ju = 0.05 


5 

0.133 

0.208 

0.118 

0.113 

6 

0.133 

0.208 

0.118 

0.113 

7 

0.134 

0.208 

0.118 

0.120 

8 

0.134 

0.208 

0.118 

0.120 


Average M = 0.12 


In the author’s previous paper concerning the protective action of 
narcotics on the resistance of protoplasm to poisons it was stated that 
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ether protects yeast cells from the injurious effect of chloroform (ii). The 
present experiments show that chloroform in a sufficient but harmless 
concentration, that is, one producing a decrease of permeability, hinders the 
influence of cutting on permeability to some extent if the chloroform does 
not act on protoplasm too long. The results of the experiment, which was 
similar to that described above (table 5) but modified so that the cutting 
of the second half into eight small pieces was made in water containing o.i 
percent chloroform in which the slice had been for five minutes, are given in 
table 7. 

Table 7. Epidennal Cells of Tradescantia 


Slices No. 


Four Large Slices Made 4^ Hours 
before the Investigation 

C ' Cs C At 


Slices No. 


Eight Small Slices Cut in Chloro- 
form (0.1%) and Immediately 
Investigated 

C ' Cs C y . 


I 

0.128 0.204 

0.115 

O.IO 

I 

0.150 

0.232 

0.130 

0.13 

2 

0.132 0.208 

0.118 

O.II 

2 

0.140 

0.214 

0.121 

0.14 

3 

0.148 0.226 

0.126 

0.15 

3 

0.150 

0.232 

0.130 

0.13 

4 

0.124 0.196 

O.IIO 

O.II 

4 

0.150 

0.232 

0.130 

0.13 





5 

0.146 

0.226 

0.127 

0.13 





6 

0.150 

0.232 

0.130 

0.13 





7 

0.140 

0.214 

0.127 

0.14 


Average yu 

= 0.12 



Average /u 

= 0.13 



Light, Narcotics, and the Permeability of Protoplasm 

In a recent paper (13) the author showed that light decomposes some 
unknown substance (or substances) in protoplasm, which takes part in the 
production of its selective permeability. The decomposed substance is 
restored in the dark, and the permeability decreases again. The changes 
of the permeability were determined by the method of the absorption of 
methylene blue. Zycha (19), using the method of isotonic coefficients, 
could not detect any changes of permeability produced by light. In the 
present paper some new experiments are described in which the changes of 
permeability were observed by means of the method of isotonic coefficients, 
and the object used was the same as in Zycha's experiments : epidermal cells 
from the main vein of the lower side of the leaf of Tradescantia (Rhoeo) 
discolor. 

One large piece of epidermis (12 mm. long, 4 mm. wide) was cut from 
the plant and immediately cut into eight pieces which were left in water 
till the next morning. At 10 A.M. four pieces of epidermis were transferred 
to a dark room where they remained till 12 P.M. Then the permeability 
factors of all pieces of epidermis were determined simultaneously. The 
results are given in table 8. The determination of the permeability factors 
of the epidermal pieces left in the dark room was made in the same room. 
A weak electric light (5 watt) filtered through a concentrated solution of 
potassium bichromate was used for illumination. 
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Table 8. Epidermal Cells of Tradescantia 


Slices No. 

a 

Diffuse Sunlight 

U, C 


Slices No. 

a 

Dark Room 

C« C 

At 

I 

0.130 

0.200 

0.113 

0.14 

5 

0.130 

0.210 

0.119 

0.09 

2 

0.132 

0.204 

0.115 

0.13 

6 

0.130 

0.209 

0,118 

O.IO 

3 

0.132 

0.208 

0.118 

O.II 

7 

0.128 

0.210 

O.II9 

0.07 

4 

0.132 

0.206 

0.116 

0.12 

8 

0.128 

0.208 

O.II8 

0.08 



Average m 

= 0.12 



Average /x 

= 0.08 



This experiment was repeated several times with the same result. 
Always the permeability factors were found greater in light than in the dark. 

As was mentioned above, the method of isotonic coefficients was used 
by Zycha but in an erroneous manner. His experiments also differed so 
much from those of the author that it would not be surprising if he could not 
obtain the same results even if he used the above method correctly. He put 
the whole plant into the dark, while in the author’s experiments only slices of 
the epidermis were kept in the dark. It is therefore quite impossible to 
assert that Zycha studied the influence of light upon the permeability of 
epidermal cells which before they are cut are influenced by the neighboring 
tissues of the plant. Tradescantia discolor is a succulent; it may therefore 
form organic acids in its tissues if put into the dark. Acids increase the 
permeability of protoplasm. Thus, it is impossible to say at present what 
influences produced changes of permeability in a few of his experiments 
where the difference between the osmotic coefficients is too great to be 
ascribed only to his erroneous use of the method of isotonic coefficients. 
On the other hand, the author has shown that the maximum permeability 
is reached if the illumination is about o.i of the direct sunlight. If the 
illumination is increased, no further increase of permeability, or even 
gradual decrease, is observed. This may explain why Zycha’s plants which 
had been illuminated for several hours by direct sunlight showed a smaller 
permeability (Zycha, l.c., p. 519) than the plants which were investigated 
during overcast weather, although this difference in permeability found 
by Zycha could be also produced by the formation of acids or other unknown 
factors acting from the side of neighboring tissues. 

The experiments concerning the influence of ether and chloroform upon 
the changes of permeability produced by light were made as follows 

Elodea leaves were immersed in solutions of methylene blue (0.0008 
percent) containing ether or chloroform and in control solutions without 
narcotics. Then they were exposed to different conditions of illumination. 
If the leaves were exposed to direct sunlight, the solutions had to be 
changed every fifteen minutes to prevent the fading of the dye, and the 
containers were immersed in a water bath (temperature 26° C.). The 
permeabilities found are given in table 9. 

From these results it may be concluded that although narcotics decrease 
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Table 9. Elodea Leaves Immersed in a 0.0008 Percent Solution of Methylene Blue 

for Two Hours 



Diifuvse 

Sunlight 

Dark 

Direct 

Sunlight 

Concentration of ether in % 

Permeability 

Concentration of chloroform in %. . 
Permeability 

.0 I 

. 80 30 

. 0 0.05 

• 75 65 

0 I 

40 20 

0 0.05 

37 33 

0 I 

II5 71 

0 0.05 

II8 89 


the permeability in all conditions of illumination, they do not prevent the 
changes of the permeability produced by changes of illumination. Even 
an increase of the concentration of ether to two percent which usually 
increases permeability does not prevent the changes of the permeability by 
light, as is seen from the following figures. 


Ether Concen- 

Diffuse Sunlight 

Dark Perme- 

Direct Sunlight 

tration 

Permeability 

ability 

Permeability 

0 

58 

33 

98 

2% 

65 

35 

95 


A further increase of the concentration of the narcotic is harmful and 
finally leads to death. It is therefore not surprising that such concen- 
trations which gradually destroy the whole colloidal system of protoplasm 
stop the changes of the permeability. 

These results confirm the supposition that the increase of permeability 
produced by light and that produced by mechanical agents differ in their 
nature. 

Summary 

1. Small concentrations of narcotics (ether 0.5 to 1.5 percent, chloroform 
0.02 to o.i percent) decrease the permeability of protoplasm for water- 
soluble substances if these substances are insoluble or less soluble in the 
narcotics used than in water. However, if these substances are more 
soluble in the same narcotics than in water, the permeability of protoplasm 
is increased by the narcotics. 

2. The determination of the permeability was made by the method of 
the absorption of aniline dyes by the leaves of Elodea canadensis, using 
dyes of different solubility in water and in the narcotics. The dyes were 
methylene blue, neutral red, and gentian violet. 

3. Concentrations of ether above 1.5 percent and of chloroform above 
o.i percent increase the permeability of protoplasm. This increase is at 
first reversible, but becomes irreversible if the concentrations increase. A 
further increase of the concentration leads to death. The explanation of 
the process is given in the text. 

4. Mechanical agents, as for instance cutting, bending, plasmolysis, and 
deplasmolysis, produce an increase of the permeability of protoplasm of the 
affected cells. This effect spreads to the neighboring cells but very soon 
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decreases in strength. In a few hours the increase is transfornaed into a 
slight decrease of the permeability which in 12 to 18 hours becomes normal. 

5, Narcotics prevent the increase of the permeability produced by me- 
chanical agents, but do not prevent its increase produced by light, these proc- 
esses being different in their nature. Only the concentrations of narcotics 
which gradually kill the cells stop the changes of permeability produced by 
light. 

Laboratories of the Desert Sanatorium 
AND Institute of Research, 

Tucson, Arizona 
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PENICULUS, A NEW GRASS GENUS FROM 
BRITISH HONDURAS 

Jason R. Swallen 

(Received for publication January 30, 1932) 


A species of a previously unknown genus of grasses was collected in 
British Honduras in February, 1931, on an expedition of the Herbarium and 
Museum of Zoology, University of Michigan, collaborating with the Depart- 
ment of Historical Research, Carnegie Institution of Washington, in a 
biological survey of the Maya area. The name Peniculus has reference to 
the stiff hairs on the glumes and sterile lemma which makes them appear 
like tiny brushes. 

Peniculus Swallen, gen. nov. 

Spiculae tuberculato-hispidae uniflorae infra glumas articulatae, lemmate 
sterili infra lemma fertile donatae; glumae subaequales, prima 3-nervi, 
secunda 5-nervi; lemma fertile firmum marginibus tenuibus; palea non 
carinata, lemma fertile aequans; stamina 3; stigmata plumosa. 

Gramen perenne dense caespitosum, culme gracili, racemis solitariis 
angustis. 

Spikelets tuberculate-hispid, alternate on opposite sides of the rectan- 
gular rachis, one-flowered with a sterile lemma similar to the glumes below 
the fertile one, articulated below the glumes and falling entire from the 
very short crateriform pedicels; glumes rounded on the back, the first 3- 
nerved, the second 5-nerved, a little longer than the first; sterile lemma 
5-nerved, equaling the second glume; fertile lemma rounded on the back, 
equaling the second glume and sterile lemma, firm, membranaceous, 5- 
nerved, the nerves obscure, the margins thin, not inrolled, inclosing the 
palea; palea thin, nerveless or nearly so, not keeled, a little shorter than 
the lemma ; stamens 3 ; stigmas plumose. 

Densely tufted perennial grass with erect slender culms bearing single 
spikelike racemes. 

Type species Peniculus angustifolius Swallen 

Peniculus angustifolius Swallen, sp. nov. (text fig. i) 

Culmi dense caespitosi graciles erecti 25-40 cm. alti laeves glabri, nodis 
pubescentibus; vaginae laeves, glabrae vel infimae pubescentes; laminae 
involutae usque ad 30 cm. longae, i mm. latae, laeves, glabrae ; ligula ciliata 
0.5 mm. longa; racemi 2-5 cm. longi terminales solitarii; spiculae appressae 
5 mm. longae; pedicelli i mm. longi pubescentes apice crassi, crateriforme; 
gluma prima acuta 4.5 mm. longa, nervis lateralibus infra tuberculato- 
ciliatis, pilis usque ad 3 mm. longis; gluma secunda acuta 5 mm. longa, 
inter nervis lateralibus supra ciliatis; lemma sterile 5 mm. longum, inter 
nervis lateralibus infra ciliatis; lemma fertile 4.5 mm. longum firmum 
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glabrum; palea enervis, quam lemma fertile paulo brevior; antherae 2 mm. 
longae. 

Culms densely tufted, slender, erect, 25-40 cm. tall, smooth, glabrous, 
the nodes pubescent; sheaths smooth, glabrous or the lowermost appressed- 
pubescent ; blades firm, the lower ones thickened toward the base, involute, 
those of the main culm 5-9 cm. long, the uppermost much reduced, those of 
the innovations elongate, as much as 30 cm. long, about i mm. wide un- 
folded, smooth, glabrous except for a few hairs near the base on the lower 



Text Fig. i. Peniculus angustifolius. Left to right: Raceme, X 4/5; part of rachis 
showing pedicel, X 8; spikelet, X 8; first glume, X 8; second glume, X 8; sterile lemma, 
X 8; fertile lemma, X 8;- palea, X 8. 


side; ligule ciliate, less than 0.5 mm. long; raceme solitary, terminal, 2-5 
cm. long, the rachis flexuous, rectangular in cross section; spikelets 5 mm. 
long, appressed to the rachis; pedicels i mm. long, pubescent, thickened 
above, the margins of the crateriform summit short-ciliate ; first glume 4.5 
mm. long, acute, the midnerve obscure, the lateral ones prominent, stiffly 
tuberculate-ciliate on the lower half, the hairs ascending except those at the 
middle, these stiffly spreading, about 3 mm. long; second glume 5 mm. long, 
acute, the lateral nerves approximate, not more prominent than the mid- 
nerve, the internerves strongly tuberculate-hispid on the upper half, the 
hairs stiffly spreading, turned inward toward the fertile floret; sterile lemma 
5 mm. long, the lateral nerves more prominent, the internerves tuberculate- 
hispid above the middle with ascending hairs, the summit naked; fertile 
lemma 4.5 mm. long, firm, acute, glabrous, the margins inclosing the palea; 
palea acute, a little shorter than the lemma, not keeled, nerveless; anthers 
2 mm. long. 

Type in the U. S. National Herbarium no. 1535396 collected on Moun- 
tain Pine Ridge, El Cayo District, British Honduras, February 25,. 1931 by 
H. H. Bartlett (no. 11748). 

P eniculus is most nearly related to the Australian genus NeurachneB.. Br. 
of the tribe Zoysieae. The spikelets of these genera are similar in having 
a sterile lemma below the fertile floret, but the glumes and sterile lemma of 
Peniculus are less indurate and less strongly nerved thdcn. in Neurachne 
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THE DEVELOPMENT OF THE SEXUAL ORGANS IN 
LEPTOLEGNIA CAUDATA 

John N. Couch 

(Received for publication February 2, 1932) 

Lepiolegnia is one of the less common genera of the Saprolegniaceae and 
until recently has been represented by only one species, L. caudata deBary. 
This species was first tentatively placed in Saprolegnia by deBary (12), but 
later (13) he established the germs Lepiolegnia based on the one species. 
The mycelium is typically composed of a circular, whitish fringe of regular 
threads around a fly or other insect or bit of seed in water. The strains vary 
considerably in their robustness, the form from Chapel Hill being consider- 
ably less robust than those from Long Island or Florida, the threads of the 
latter often approaching a well developed Saprolegnia in thickness and 
length. The sporangia, in their thread-like character, resemble those of 
AphanomyceSy though the behavior of the spores in Lepiolegnia is more like 
that of the spores in Saprolegnia. The oogonium in Lepiolegnia shows a 
superficial resemblance to that of Aphanomyces in that each contains only 
one egg. The beak-like process on the oogonium, which usually grows out 
where the antheridia are applied, the exceedingly thick oospore wall, the 
peculiar eccentric arrangement of the oil globules in the ripe oospore, and 
the fact that the oospore completely fills the oogonium are characters which 
make this genus stand out from the other genera of the Saprolegniaceae. 
The ripe oospore of Pythiopsis cymosa, however, with its lunate cap of oil 
globules is quite similar to the oospore of Lepiolegnia. 

Although the fungus has been reported from a number of diverse regions 
its occurrence is rather infrequent. In Europe it has been reported from 
Germany by deBary (12, 13), Fischer (14) and von Minden (18); from 
Denmark by Muller (21) and Petersen (25) ; and from Latvia by Apinis (i). 
In America it was first reported from North Carolina by Coker (7) and has 
since been collected by Thaxter in New England, by Pieters at Ann Arbor, 
Michigan, in Florida, and on Long Island, N, Y. (see Coker, 8). It is 
interesting to note that Petersen (25, p. 511) and Muller (21) record the 
fungus as an exceedingly destructive parasite on Lepiodora Kindtii. 

The Problem 

Lepiolegnia caudaia is particularly interesting to the student of sexuality 
in the Saprolegniaceae since it is the only species of the family in which 
deBary (12) ever seriously suspected that fertilization might take place. 
In spite of the fact that one of his figures (13, fig. 5, d) illustrates an unmistak- 
able stage in the passage of material from the antheridium into the oogonium , 
he finally stated (13, p. 632) that he was unable to detect the passage of 
any substance from the male into the female organ. Although von Minden 
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(18) has nothing to say in regard to fertilization his figure 46 strongly 
suggests that such an act occurs. Both oogonia in this figure show a recep- 
tive spot and one of the antheridia is nearly completely empty. In regard 
to fertilization, Coker (8, p. 159) states: '‘Two, three, or even more anther- 
idia to the oogonium were common in our material. . . . The antheridium 
is full of protoplasm when it is cut off, and is empty a little later; and the 
amount of protoplasm contained in it is so large that a discharge into the 
oogonium seems probable. When the empty antheridium is pulled from 
the oogonium, a distinct circular opening can be seen in it, and the opening 
in the original membrane on the oogonium can be easily made out (fig. 4).” 
So far as I have been able to find, these are all the observations on the devel- 
opment of the sexual organs in Lepiolegnia. 

Much difficulty was at first experienced in getting large enough quan- 
tities of the sexual organs of Lepiolegnia to carry out the cytological studies. 
A very small percentage of the cultures made on various seeds and insects 
in water produce sexual organs. When the sexual organs do appear, instead 
of being evenly distributed over the entire culture they often begin to form 
in several small clusters. These clusters increase in size, and usually, even 
when the cultures are fully mature, the clustered habit is still apparent. 
Other observers, Fischer (14, p. 386), Petersen (25), Thaxter (in a letter 
to Dr. Coker), Pieters (see Coker, 8), and Coker (8) either report the fungus 
as being sexually sterile or as forming sexual bodies very rarely. It was 
necessary, therefore, first of all to discover the conditions which favored 
the production of sexual organs. 

Sexual Nature of the Thallus 

Several peculiarities of the fungus seemed to point to a heterothallic 
condition of the mycelia. The sexual organs always appear in ordinary 
cultures on hemp seed or termites with great irregularity and instead of 
being scattered evenly over the entire culture are almost always grouped 
in clusters as though the two types of mycelia were present only in such 
clusters. The oogonia and antheridia, moreover, appear always to arise 
from separate threads. To determine the sexual nature of the thallus, 
single spore cultures were made. In a small percentage of the cultures 
descended from each of the single spore strains oogonia appeared. Numer- 
ous attempts to cross strains collected from different localities (Cold Spring 
Harbor, L. L, N. Y.; Chapel Hill, N. C.; Madison, Wis.) failed to indicate 
any sexual dimorphism in the species. It was concluded, therefore, that 
these strains of Lepiolegnia were homothallic. 

Influence OF External Conditions on Sexual Reproduction 

Temperature 

The results of Coker (7) suggested that cold might stimulate the forma- 
tion of sexual organs. After his plant was cultivated for three months with- 
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out the appearance of sex organs, they finally appeared during the Christmas 
recess while there was no heat in the building. 

To test the influence of cold, cultures on hemp seed and termites have 
been kept in a temperature of 14'' C. in a cold room rather poorly illuminated 
by a small window. The rate of sexual reproduction was considerably 
retarded by low temperature, but no appreciable difference in the number of 
oogonia and antheridia finally formed could be observed in such cultures as 
compared with those kept in room temperature (about i8°“22° C.).^ 

High temperatures (27°“35° C.) seem to inhibit completely the formation 
of sexual reproductive organs. Cultures kept in an incubator with the 
temperature about 27° C. and others kept in room temperature during very 
warm summer weather (22^-37° C.) failed to reproduce sexually. The 
remarkable inhibitory influence of high temperature on sexual reproduction 
was best shown in a series of experiments in which the fungus was grown 
on the media which had been found (see below) to produce the largest 
number of sexual organs at room temperature (i8°-22® C.), but in these 
experiments the cultures were kept in an incubator with the temperature 
about 27° C. In such experiments no sexual organs were formed. The 
fungus is a very rapid grower at temperatures ranging from 25 ‘^-30° C. 
whereas at temperatures below 18° C. growth is slowed down as the tem- 
perature is lowered. Sexual reproduction seems in some way to be con- 
nected with the checking of growth by low temperatures. 

The influence of temperature on sexual reproduction in Leptolegnia is 
particularly interesting because in certain other species of water fungi as 
AcUya orion Coker and Couch (see Coker 8, p. 114) temperature has only 
a slight influence on sexual reproduction, the fungus apparently being cap- 
able of reproducing sexually under any temperature which produces vigorous 
healthy growth. 

Light 

Light does not appear to have any influence on sexual reproduction in 
Leptolegnia. Cultures kept in the refrigerator (i4°-i8° C.) in the dark 
produced abundant sexual fruits. Light does have such an influence in 
certain other water fungi, e.g.^ in Aphanomyces exoparasiticus (Couch, 10). 
In this species when the fungus is grown on corn meal agar on room tables 
and thus subjected to the alternation of daylight and darkness the oogonia 
are formed in circular areas, a new circle of oogonia appearing every day. 

^ The strain oi L. caudata used in all my experimental and cytological work described 
here was collected at Cold Spring Harbor, L.I., N.Y. During the summer of 1931 I carried 
on a series of experiments to test the influence of temperature on the formation of sexual 
organs in a strain of L. caudata collected near Raleigh, N. C. Twenty cultures were made 
on bits of boiled hemp seed in autoclaved distilled water treated with animal charcoal. 
Ten were put in a refrigerator where the temperature varied from i6°~20° G. and the other 
ten were kept at room temperature, 20^-30® C. All the cultures in the refrigerator formed 
sexual organs, while none of those in the room produced any. The experiment was repeated 
several times during the summer with the same results. 
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If such cultures are kept in total darkness, no sexual reproduction occurs. 
Just how much light was necessary for sexual reproduction was not deter- 
mined with A . exo parasiticus. 

Nutrients 

To increase sexual reproduction the following solutions (all i/ioo molar 
solutions) of salts were added to young cultures on hemp seed: Calcium 
nitrate, potassium sulfate, potassium nitrate, potassium phosphate, and 
sodium phosphate. Good growth was obtained in all these solutions but 
the number of cultures bearing sexual organs was not appreciably increased. 

Cultures on hemp seed to which were added solutions of lf/200 levulose, 
1% asparagin, 1% and 0.5% hemoglobin, and 0.5% meat peptone failed to 
show any increase in the number of sexual organs. 

Various combinations of salts, sugars, and proteins have been tried and 
one combination has been found in which sexual reproduction occurs 
abundantly and regularly in all cultures. Cultures were made on hemp 
seed and put in a solution containing 0.5% maltose, 0.5% malt extract, 
and 0.1% meat peptone. After three days a dense mat of mycelium was 
formed, but no reproduction either asexual or sexual had occurred. The 
solutions were replaced by sterile well water, and two days later a thin 
growth of mycelial threads had grown out from the thick region. Many 
sexual bodies were forming on the dense mat of mycelium especially in the 
region next to the renewed growth. Subsequent experiments have shown 
that the maltose or malt extract, or even the hemp seed may be left out 
without diminishing the number of oogonia. 

Interesting results were obtained by measuring the pH of the above 
solutions after cultures of the fungus had been growing in them for 4 or 5 
days. The initial pH of the solution after sterilization was 4.6, but this 
was lowered by the growth of the fungus to 3. 4-3. 2. 

Hydrogen-ion Concentration 

Some preliminary work has been done to test the effect of the hydrogen- 
ion concentration on the growth and reproduction of the fungus. In the 
first experiments eight of the buffer solutions described by Clark and Lubs 
(5) with pH values from 4 to ii were selected. Cultures of the fungus on 
hemp seed in artesian well water (with pH about 7) were made and when the 
growth had started well, the water was replaced by the buffer solutions. 
All of the solutions, however, were decidedly toxic to the fungus. 

Solutions were then made with artesian well water and HCl and Na2C03 
in such proportions as to give approximate pH values from below 3 to 
9.8 +. Eleven HCl solutions were made and six with Na2C03. The 
approximate pH values of these fluids were tested by the colorimetric 
method as described in Clark (4). The acid solutions were designated i to 
II, solution I being made according to the directions given in Clark (4, 
p. 39) except that artesian well water with a pH value slightly below 7 was 

4:2 





AMERICAN JOURNAL OF BOTANY 


[Vol. 19 



used instead of distilled water. This solution (i) had a pH value about 5, 
and the other acid solutions 2 to ii had pH values 4.8, 4.6, 4.4, 4.2, 3.8, 3.6, 
3.5, 3, 2.6, respectively. The alkaline solutions were designated i to 6 
and had pH values from slightly above 7 to slightly over 9.8, respectively. 
The results of these experiments may be summarized as follows: Growth 
was excellent in all solutions from pH about 9 down to pH about 3. In 
solution 1 1 five times as much acid was added as in solution 10, the resulting 
mixture having a pH of about 2.6. Growth in this was very poor, not visible 
to the unaided eye, only a few, delicate, branched threads being visible 
under the low power of the microscope. No sporangia formjed in any of 
the cultures. In both solutions with pH 5 and pH 7 a considerable number 
of oogonia were formed in some of the cultures and in one of the cultures 
in a solution with pH about 4.2 a few oogonia were formed. In none of the 
other solutions were any oogonia formed. In all the solutions in which 
the fungus grew well, both acid and alkaline, the pH value was changed by 
the fungus back to approximate neutrality, this change occurring during 
the first twenty-four hours after the fungus was in the solution. 

Interesting results were obtained by growing the fungus on a series of 
solid nutrient media with different hydrogen-ion concentrations. The 
culture medium was prepared and titrated as follows: To 2000 cc. of the 
nutrient solution (maltose 0.5%; meat peptone 0.1%) 40 grams of agar was 
added. This was heated enough in an autoclave to melt the agar and then 
divided into ten 200 cc. portions in small, clean, pyrex flasks and then auto- 
claved to 15 lbs. pressure for 10 minutes. The^flasks were numbered i~io 
and the varying amounts of sterilized, one-tenth normal H3PO4, as shown in 
the accompanying table, were added to the several flasks. The pH values 


Table i. Experiments to Test the Influence of Varying the pH on Growth and Reproduction 
in Leptolegnia. Second Series^ Feb. lo, iQ2y, At Room Temperature^ 16-21° C. 


No. 

Initial 

pH 

Amt. in cc. 
^H 3 P 04 tO 

Average Diameter of 
Colonies after: 

Sexual Reproduction 


200 CC. 

96 Hours 

168 Hours 


I 

5-8 

O.I 

86.5 

mm. 

90 mm. 
covered dish 

No sexual reproduction 

2 

5-5 

0.2 

85 

n 

90 mm. 
covered dish 

No sexual reproduction 

3 

5-2 

0.4 

71.5 

<< 

90 mm. 
covered dish 

No sexual reproduction 

4 

5-0 

0.6 

52.5 


90 mm. 
covered dish 

A few oogonia and antheridia 
formed 

5 

4.6 

1.2 

41*5 

it 

78.5 mm. 

Many oogonia and antheridia 
formed 

6 

4-5 

1.4 

43 


00 

Many oogonia and antheridia 
formed 

A few oogonia and antheridia 
formed 

7 

4.4 

1.6 

42 

n 

83.5 “ 

8 

4-3 

2 

37 

it 

74 ‘‘ 

No sexual reproduction 

9 

4.1 

3 

24-5 

< ( 

51 

No sexual reproduction 

10 

3*8 

4 

16 

n 

37 

No sexual reproduction 

Control 

5-8 

No acid added 


Covered dish 

No sexual reproduction 
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of the various fluids tested by the colorimetric method are also shown in 
the table. The culture fluid was then poured into Petri dishes, each 200 
cc. being divided into about eight equal portions, i.e. about 25 cc. to each 
Petri dish. During the course of the experiments it was found that after 
the addition ot the acid the pH value might be changed by sterilization in 
the autoclave. To avoid the necessity of more than one sterilization all 
of the above operations were carried out in a culture chamber. Before 
using the culture chamber it was thoroughly cleaned, the floor, walls, and 
ceiling being mopped with alcohol and then as an added precaution the 
chamber was closed up tightly and the walls steamed down. The most 
likely agents of infection are the spores of Aspergillus, PenicilHum, and 
Rhizopus; but by using the culture chamber, and by keeping the laboratory 
clean and free from cultures of the above mentioned molds, it was possible 
almost entirely to avoid any infection of the plates. 

The plates were inoculated by cutting out little agar squares from a 
plate on which the fungus was growing and placing a square on the edge of 
each plate. The experiments were run in duplicate. All the cultures were 
kept at laboratory temperature (i6“2i°"C.) and were subject to the light 
changes of night and day. The diameter of the colonies in mm. was 
recorded every 24 hours. The cultures with the low hydrogen-ion concen- 
tration showed the most rapid growth; in fact the control cultures to which 
no phosphoric acid had been added showed the most rapid growth of any 
but the mycelium was not nearly so dense as in the acidulated solutions. 
The growth gradually decreased as the H-ion concentration increased until 
in the culture plates with a pH about 4.6 there was a sharp, decided decrease 
in growth while in the cultures with pH 4.5 and 4.4 the growth came back 
to almost the same strength as in the culture with a pH value of 5.0. 

In the cultures with pH slightly above and those slightly below as well 
as in the one which showed the most decided falling off in growth there was 
considerable sexual reproduction. There was none in the control and none 
in the cultures with pH 5.8, 5.6, and 5.2. 

The same results occurred in another set of cultures made at the same 
time and the experiments have since been twice repeated in duplicate with 
similar results. 

Another set of cultures (in duplicate), made precisely as those above, 
were kept in an incubator with the temperature 27® C., the source of heat 
being a 25-watt carbon bulb. The light was partially covered by a black 
cardboard so that the cultures were practically in darkness even when the 
light was on. The growth results in these cultures were about the same as 
those kept out in the laboratory but no sexual reproductive organs were 
formed. 

From the foregoing experiments it is obvious that a number of factors 
may influence the formation of sexual organs in L. caudata. It was found 
most convenient to induce their formation by growing the fungus on hemp 
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seed in maltose 0.5%, peptone 0.1%, solution at a temperature of about 
18^-20° C. for two to three days and then replacing the solution with pure 
water. Such treatment, as a rule, induced the formation of large numbers 
of sexual organs. 

Development of the Sexual Organs 
Observations on Living Material 

One can recognize that sexual reproduction is about to occur in Lep- 
iolegnia by the presence of numerous, rather delicate threads twining around 
the larger ones (PI. XLII, fig. i)./ The delicate threads give rise to the 
antheridia, while the larger threads bear the oogonia. The oogonia 
initials appear first and are indistinguishable in the early stages from those 
of Achlya and Saprolegnia in that they contain a large central vacuole 
enclosed by a dense layer of protoplasm, the vacuole extending back into 
the oogonial stalk. The basal wall separating the o 5 gonium from its stalk 
may be laid down before the antheridia have reached the oogonium. By 
the time the basal wall is laid down in the oogonium, the central vacuole 
has disappeared. Several antheridia may be applied to each oogonium, 
but apparently only one ever functions. Wherever the antheridia are 
applied, the oogonium, as a rule, swells out into a beakdike protuberance at 
that spot so that the oogonium, spherical at first, may become quite irregular 
in shape. This protuberance may be called the receptive papilla since it is 
at this spot, in most cases, that the gonoplasm passes into the egg. The 
antheridia enlarge, becoming densely filled with protoplasm and tuberous 
in shape. Slightly over three days elapse between the appearance of the 
oogonial initials and the final maturation of the egg and therefore to attempt 
to get a complete series of uninterrupted observations on a single oogonium 
was impractical. The account here given is based on several series of 
interrupted observations. 

Shortly after the receptive papilla has been formed the antheridial and 
oogonial walls at this point become thickened and hyaline, a process 
of hydrolysis apparently occurring (PI. XLII, figs. 6, 7). While these 
events are taking place, the contents of the antheridium become arranged 
in a denser central mass and a lighter peripheral mass. After the walls 
between the oogonium and antheridium have been sufficiently softened, a 
very inconspicuous rift appears to extend from the antheridium down into 
the contents of the oogonium reaching almost to the center (figs. 7-10). 
Simultaneously with the appearance of the rift the denser central part of the 
contents of the antheridium slowly passes into the oogonium. The passage 
of this material is so slow as to be almost imperceptible. One can notice 
distinctly, however, that the antheridium is becoming partly empty of its 
contents (figs. y-io). The functional antheridium never discharges all of 
its contents into the oogonium, but usually enough is discharged so that a, 
conspicuous empty space is visible in the central part of the antheridium. 
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The nonfunctional antheridia retain their contents which eventually 
degenerate. 

During the ripening of the egg it becomes invested with a very thick, 
double-layered wall and the oil content collects into many small droplets 
which form a sort of cup around half of the protoplasmic mass. Although 
my figure 13 shows the oil globules opposite the functional antheridium, 
they may occupy any position, showing, however, always the same eccentric 
arrangement in regard to the cytoplasm. 

Observations on Fixed Material 

As a killing and fixing fluid chrom-acetic acid proved the most satis- 
factory of several tried. It was necessary, however, to experiment con- 
siderably to determine the strength of solution, for it was found that one 
strength may give excellent results on one species and poor results on 
another. Furthermore, a solution may cause the collapse of the hyphae 
but fix the oogonia and antheridia in almost perfect condition. For example : 
Chamberlain’s solution for marine algae caused most of the hyphae to 
burst at the tips with a consequent extrusion of the protoplasm. Flem- 
ming’s medium without the osmic acid gave good results on hyphae but 
caused considerable distortion in the oogonia. Claussen’s (6) solution 
gave only fair results with hyphae, causing considerable collapse of their 
contents, but was excellent for oogonia and antheridia. This solution was 
used most extensively. Material was fixed in it from 6-24 hours. In 
staining, Gram’s method gave the clearest mitotic figures, while Heiden- 
hain’s iron alum haematoxylin gave the clearest views of extra-nuclear 
structures. Material was killed at various times during the night and day. 
By far the greatest number of mitotic figures was found in material killed 
after midnight (between i and 3 A.M.).^ 

2 pixing and Staining Methods. 

1. Have excellent material free from bacteria. 

2. Kill material when the oogonia are in the stages desired: dividing nuclei are likely to 

be most numerous about midnight or a few hours thereafter; fertilization stages will 
probably be most numerous in the afternoon. Kill in Claussen’s fluid (chromic acid 
0.5%, acetic acid 1%) 6-24 hours. 

3. Wash in still water, changing often, about 24 hours or until the material is thoroughly 

free from color. 

4. Alcohol 15, 25, 35, 50, 60, 70, 80, 95, 100%, 2 hours each. While in 95% alcohol cut 

the material from the hemp seed or corn since these become very hard in alcohol 
and will dull the knife. 

5. 100% alcohol xylol 100% alcohol xylol 100% alcohol xylol xylol; 

all I hour each. 

6. Xylol -k small lump of hard (56*^) paraffin. Put in oven at temperature 30° C. i hour; 

slowly raise temperature and add more 5^° paraffin, until temperature slightly 
exceeds 56° (i.e., until 56° paraffin remains melted). This process should take from 
30 minutes to i hour, not more. Transfer to fresh melted 56° paraffin, 2 hours. 
Imbed in 56° paraffin, in perfectly clean watch glasses greased with glycerine. 

7. Sections 5 ju thick. 
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The young oogonia and antheridia are multinucleate. The oogonium 
of average size contains about 30-40 nuclei; the antheridium about 6. 
These increase greatly in size and then undergo one mitotic division (PL 
XLIII, figs. 15, 17). In the early stages of mitosis the nucleus contains a 
very large, deeply staining granule and a spireme to which several smaller 
chromatin masses are attached (fig. 14). The nucleolus does not appear 
to be thrown out into the cytoplasm, but rather seems to be used in the 
formation of chromosomes. I was never able to be positive about the 
number of chromosomes, but during certain stages of mitosis they stand 
out with considerable individual distinctness and the number appears to 
be about eight. 

Immediately following this mitosis all the nuclei in the oogonium except 
one migrate to the peripheral region and there degenerate. This appears 
to be the usual course of events, but I have found a number of oogonia in 
which the migration to the periphery and the selection of the egg nucleus 
preceded mitosis. The nucleus which remains in the center or which 
migrates to that position enlarges still more, becoming the female gamete 
nucleus. Sections of obgonia with a single nucleus or two which had been 
formed by division at or near the center and numerous nuclei in the periph- 
eral region were quite common (fig. 18). 

At about this stage of development I have found a very peculiar (prob- 
ably abnormal) condition in a considerable number of oogonia, where a 
large number of the nuclei become arranged in a more or less hollow sphere. 

8. Place sections on slides smeared with thin coating of albumin fixative. Add one or 

more drops of water with pipette until sections float. Place slides in oven with 
temperature 30-35® (not higher, since sections do not stick if paraffin melts). As 
soon as ribbons have become smooth, drain off water with filter paper and then 
replace slides in oven until they are thoroughly dry. 

9. Xylol, 5 minutes. 

10. Absolute alcohol, 5 minutes. 

II- 95%» 70%, 50%j 30% alcohol, i minute each. 

12. Water, 2 minutes. 

13. 1% aniline solution of Gentian Violet. (To make aniline solution of Gentian Violet: 

2 cc. aniline oil +• 18 cc. 95% ale., 80 cc. water. Now add i gram Gentian Violet.) 
5-10 minutes in stain. 

14. Water, i minute (just long enough to wash off the superfluous stain). 

15. Iodine solution: water 300 cc., iodine i gram, potassium-iodid 2 grams; 3-5 minutes 

(i minute would probably be enough and 5 minutes perhaps not too much). Solu- 
tion should be kept in dark. 

16. Water, 1-5 minutes, longer if necessary. 

17 - 95% alcohol, 30 seconds to i minute. Gentian Violet is very soluble in alcohol. 

18. 100% alcohol, 2-3 minutes. (Too long in the absolute will dissolve out too much of 

the stain.) 

19. Clove oil, 1-3 minutes. (Gentian Violet is also soluble in clove oil, but the stain dis- 

solves more readily from the cytoplasm than from the nucleus.) 

20. Cedar oil, I minute. Stops action of clove oil. 

21. Xylol, 3-5 minutes, 

22. Mount in balsam. 
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This sphere is often almost one-third the diameter of the oogonium and may 
contain twelve to eighteen nuclei. Just how and why this structure is 
formed I do not know. The structure suggests in a remote way the zonation 
of the nuclei in Cystopus. 

The nuclei in the antheridium also undergo one mitosis. One of the 
daughter nuclei takes up a central position in the antheridium, enlarging 
considerably to become the functional male gamete nucleus (figs. 15, 18). 
In observations on living material in this stage of development one can 
easily recognize the denser protoplasmic mass in the center and the thinner, 
peripheral protoplasmic area. 

At this stage several of the nuclei in the oogonium may show fairly 
distinct astral rays. On the female gamete nucleus these rays become very 
distinct. Stained with gentian violet they appear to be straight, extending 
as lines out into the cytoplasm (Pis. XLIII and XLIV, figs. 15, 17, 18, 20, 
21, 22, 23), whereas with iron-alum haematoxylin the lines extend out 
straight for some distance and then appear to branch out into an elaborate 
network throughout the adjacent cytoplasm (fig. 19). A similar structure 
has been described by Miss Carlson (3) in Achlya racemosa. The cytoplasm 
surrounding the egg nucleus is finely granular while beyond this region the 
granules are coarser and the cytoplasm on the margin retains its vacuolated 
structure. 

In this condition of development the oogonial contents as shown by 
gentian violet are differentiated, though sometimes vaguely, into a central 
uninucleated, denser, finely granulated region and a multinucleated, vac- 
uolated, coarsely granular peripheral region. The antheridium also shows 
a distinct central gonoplasm and a peripheral vacuolated plasm (fig. 18). 

The iron-alum haematoxylin staining showed a number of unmistakable 
cases of the hydrolysis of the membrane which separates the oogonium 
from the antheridium (figs. 16, 19). The gentian violet stain, however, 
did not bring this out. In the early stages of hydrolysis a number of minute 
granules appear on both sides of this membrane. These granules are not 
visible in the living material and are doubtless products of the fixation and 
staining methods, but are nevertheless indicative of a process taking place 
around the membrane. There are also a number of minute vacuoles next 
the membrane on the oogonial side. There are also vacuoles on the an- 
theridial side of the membrane, but these are much larger. As the process 
of hydrolysis continues, the membrane becomes greatly thickened below 
the antheridium, appearing pale brownish with the iron-alum haematoxylin 
staining. The membrane appears to become so much softened that the 
greater pressure in the antheridium causes the membrane to bulge into 
the oogonium. As the pressure increases, the membrane gives way, and 
the antheridium discharges into the odgonium a single nucleus with some 
cytoplasm, which passes toward the egg nucleus leaving a path in the cy- 
toplasm through which it has passed (Pis. XLIII and XLIV, figs. 19-23). 
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A somewhat similar condition has been observed by Cooper {9) in Brevilegnia 
diclina Harvey. From certain stained preparations one gets the impression 
that a considerable amount of vacuolar material passes over into the 
oogonium with the male nucleus (figs. 19-21). A few odgonia were seen 
in which the path made by or for the male nucleus had healed up and a 
wall had been laid down by the cytoplasm of the oospore. This wall was 
thin compared to the oospore wall and could be clearly seen to be connected 
with it. Such a condition may give the erroneous impression that the 
fertilization tube is formed by the egg. Interesting in this connection are 
the observations of King (16) on Araiospora pulchra Thaxter in which he 
described the fertilization tube as being of o 5 gonial origin. Behrens {2)$ 
working on Rhipidium europaeum (Cornu) von Minden, a genus closely 
related to Araiospora, is inclined to think that King made a mistake on this 
point. 

At this stage the egg nucleus has contracted greatly so that the nuclear 
material is contained mostly in a single, almost solid, deeply staining, 
spherical mass and on one end of this nucleus a narrow line of material 
extends out to a smaller spherical or lobed body, the centrosome, from which 
the astral rays radiate. The female nucleus of Achlya (Trow, 26, and 
Miicke, 20) and Saprolegnia (Claussen, 6) at this stage show similar peculiar 
structural characters to those just described for the female nucleus of Lepto- 
legnia. 

After the male nucleus comes in contact with the female, both increase 
greatly in size. The fusion of the two nuclei seems to be a rather slow 
process. Apparently they begin to fuse immediately after coming in 
contact, but fusion may not be completed until sometime later, perhaps 
two days. I have seen several eggs with a much thickened wall in which 
the fusion of the two nuclei was not yet complete. During this stage the 
supernumerary nuclei continue to degenerate until finally in the ripe egg no 
signs of them remain (figs. 23-27). The ripe egg is surrounded by an 
exceedingly thick wall and contains a single large nucleus (fig. 27). 

After six weeks or two months some of the ripe eggs may be brought 
to germination, but I have been unable to stain the nuclei in the germi- 
nating eggs. 

Comparison of the Development of the Sexual Organs of Leptolegnia with 

Other Related Fungi 

The cytology of several species of Saprolegnia (Claussen, 6; Mackel, 17), 
Achlya (Trow, 26; Miicke, 20; Patterson, 23), and one species of Aphano- 
myces (A, laevis) (Kasanowsky, 15) has been worked out and a striking 
uniformity in oogenesis has been found in all three of these genera except 
that in A. laevis Kasanowsky (15) describes a well developed coenocen- 
trum comparable to the coenocentra found in the Peronosporaceae. In all 
of the species of Saprolegnia and Achlya which have been investigated, the 
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oogonia contain a number of eggs, but even where only one egg is formed, 
as is usually the case in A . caroliniana Coker, oogenesis is similar to that in 
those species in which there are several eggs.® In these genera the young 
oogonia contain a large central vacuole and a peripheral layer of cytoplasm in 
which are imbedded many nuclei. The nuclei undergo one mitotic division 
and then all degenerate except one for each egg origin. The cytoplasm now 
heaps up around each egg nucleus forming the egg origins. The peripheral 
membrane between these is thinned down until it breaks at one or more 
points and the egg origins then quickly recede from the wall to coalesce 
more or less in the center. If the egg origins are numerous and the o5gonium 
comparatively small, the origins may be so closely pressed to each other as 
to disappear almost completely. They quickly form again, now taking on 
a spherical shape. In the formation of the egg origins all of the genera in 
which oogenesis has been investigated differ markedly from Lepiolegnia, for 
in the latter this structure is in the center of the oogonium and the vacuoles 
are many and peripheral ; whereas in the former, and this holds where only 
one egg origin is present, the origins are peripheral and the vacuole single 
and central. The migration of the supernumerary nuclei to the periphery 
and their degeneration in this position is also strikingly different from the 
course of events in all other members of the Saprolegniaceae so far inves- 
tigated. Although there are no signs of a true periplasm in Leptolegnia, it is 
possible that the degenerating nuclei take part in the formation of the 
thick wall around the egg. Another noticeable point of difference between 
Leptolegnia and Saprolegnia, Achlya^ and other genera, is in the absence of 
a fertilization tube in the former and the presence of such tubes in the 
latter genera. 

The egg structure of PytMopsis cymosa as shown by deBary (13) is 
somewhat like that of Leptolegnia (deBary does not show a completely ripe 
egg of Leptolegnia) in the possession by the former of an eccentric group of 
oil globules. The arrangement of the oil globules is quite similar in the 
eggs of the two genera, and it is probable that a careful study of oogenesis 
in Pythiopsis will show a striking relationship with Leptolegnia, 

In the process of obgenesis, Leptolegnia appears to be closely related to 
certain of the Peronosporaceae. The thick-walled egg, always single in 
the oogonium, and the migration of the supernumerary nuclei to the periph- 
ery to degenerate are characters of importance which Leptolegnia ha.s m 
common with this family. Some of Murphy’s (22) figures for Phytophthora 
erythroseptica Pethy., notably figures 18, 20, and 24, are very much like 
similar stages in Leptolegnia (figs. 18, 24), and some of Miyake’s (19), or 
Patterson’s (24) figures for Pytkium are also much like It is 

difficult to say which of these two genera Leptolegnia resembles most in 
sexual reproduction. It is obvious, however, that in sexual reproduction 
Leptolegnia is closer to Pythium and Phytophthora than to any of the Sapro- 
legniaceae. 

Mn A. caroliniana Goker there are no antheridia and fertilization does not occur. 
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The process of oogenesis in the Leptomitaceae as represented hy Araio- 
spora pulchra (King, 16) and Rhipidium europaeum (Behrens, 2) indicates 
a close relationship to the Peronosporaceae, especially the Albuginaceae, 
'wh.trezs Leptolegnia is closer to Phytophthora and Pythitm, 

In trying to determine relationships, asexual reproduction must also be 
considered. In the possession of long, filamentous sporangia with zodspores 
usually in a single row, Leptolegnia shows a resemblance to Aphanomyces, 
In view of the striking differences in sexual reproduction in the two genera, 
however, it is doubtful if this similarity of sporangial structure is of any 
phylogenetic significance. In the behavior of the zoospores, Leptolegnia 
resembles Saprolegnia more closely than any other of the water fungi. 

In view of the fact that in sexual reproduction Leptolegnia resembles 
Phytophthora and Pyihium more closely than any of the Saprolegniaceae, 
but that in asexual reproduction and the coarseness of the vegetative my- 
celium it resembles certain of the Saprolegniaceae more closely, it appears 
that this genus is a sort of connecting form between these two families. It 
is highly probable that as the water and soil fungi are more widely studied, 
new forms will be discovered which will throw additional light on the rather 
obscure relationships of Leptolegnia, 

Summary 

Leptolegnia caudata deBary is one of the rare but widely distributed 
members of the Saprolegniaceae. The fungus is usually obtained only in 
the sterile condition and when sexual organs do occur they are quite spas- 
modic in their appearance, i.e., of a number of cultures made at the same 
time some may show sexual organs while others do not. When the sexual 
organs do appear spontaneously, they usually occur in groups or clusters. 
Just why some cultures may produce sexual fruits whereas others though 
treated apparently in the same way do not produce any, and why the 
organs are so often in clusters, remain unexplained. The mycelium is 
homothallic as is proved by single-spore cultures and by attempts to cross 
strains collected from various localities. 

Sexual reproduction may be influenced by a number of factors. High 
temperature (27-35° C.) totally inhibits it. In certain strains low tem- 
perature, 14° C., may be influential in causing the formation of sexual 
organs. Light does not appear to have any influence on sexual repro- 
duction. After considerable experimentation with nutrients, one solution 
was found which would produce sexual organs with certainty and in great 
numbers. The fungus was grown in this solution (0.5% maltose; 0.1% 
meat peptone) for two to three days, or until a vigorous mycelium was 
formed, and then transferred to sterile water in which after a few days the 
sexual organs appeared. Some of the results seemed to indicate that the 
H-ion concentration influenced sexual reproduction. 

The antheridial and oogonial threads are apparently of diclinous origin. 
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The antheridial branches twine about the oogonial branches. One or 
several antheridia become applied to each oogonium. The young odgonium 
and antheridium are multinucleate, the former containing about 30--40 
nuclei, the latter about 6. The nuclei of both organs undergo one mitotic 
division, this division usually occurring at night. In the oogonium all of 
the nuclei except one migrate to the peripheral region and there degenerate. 
The remaining nucleus takes up a central position, develops very distinct 
astral rays, and becomes the female gamete nucleus. At this stage the 
protoplasm surrounding the female gamete nucleus is homogeneous and 
dense, while in the peripheral region the protoplasm is more vacuolated and 
contains the supernumerary nuclei in various stages of disintegration. The 
antheridial contents also become differentiated into a dense, uninucleate, 
central plasm and a peripheral, vacuolated multinucleated plasm. The 
antheridial and o5gonial walls become hydrolyzed and the enlarged central 
nucleus of the antheridium, along with some of the cytoplasm, passes slowly 
into the oosphere. No antheridial tube is formed but the male nucleus 
leaves a distinct path through the oosphere as it passes to the female 
nucleus. Fertilization appears to take place, as a rule, in the afternoon. 

As the egg ripens the male and female nuclei fuse, and the wall becomes 
very thick. After a rest period of a month to six weeks the eggs may 
germinate. I have been unable, however, to stain the dividing nuclei in 
the ripe eggs. 

Because of the closer similarity between oogenesis in Lepiolegnia and 
certain of the Peronosporaceae (Phyiophihora and Pyihium) than between 
Lepiolegnia and other members of the Saprolegniaceae it appears that 
Lepiolegnia represents a connecting form between these two families. It 
seems best, however, to retain the genus in the Saprolegniaceae because of 
the similarity in vegetative structure and asexual reproduction. 

This work was carried on under a National Research Council Fellowship 
(1925-27) at the Carnegie Institution, Cold Spring Harbor, New York and 
at the Missouri Botanical Garden, St. Louis. 

University "OF North Carolina, 

Chapel Hill, North Carolina 
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EXPLAKATIOK OF PLATES 

The figures on plates XLIII and XLIV, excepting figure 16, were drawn with a Zeiss 
2 mm. apochromatic objective N. A. 1.40 and compensating ocular no. 18, at table level 
with the aid of an Abbe camera lucida giving a magnification of about 3500. On repro- 
duction the drawings have been reduced considerably over one-half. 

Plate XLII 

Fig. I. Oogonial branch with two young oogonia and antheridial branch twining 
about it. Note antheridial branch creeping out oogonial stalk. X 280. 

Fig. 2. Same oogonium and antheridial branch as shown at the lower part of figure i 
half an hour later. X 280. 

Figs. 3 ~I 3 show stages in the development of the same oogonium from 10:20 A.M., 
Nov. 13-N0V. 20. Fig. 3, X 280, others X 660. 
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Fig. 3. Beak-like extensions forming on oogonium beneath antheridia. 

Fig. 4. Oogonium and antheridium vacuolated. 

Figs. 5 and 6. Hydrolysis of membrane between oogonium and antheridium. 

Fig. 7. Beginning of passage of antheridial material into oogonium. Vacuolar ma- 
terial passing over. Note the central, denser area in the antheridium. 

Figs. 8 and 9. Passage of gonoplasm into oogonium. Note the lighter region in 
oogonium beneath antheridium. 

Fig. 10. Discharge of gonoplasm completed. Note peripheral layer of cytoplasm; 
antheridium on side failed to discharge. 

Figs, ii, 12 and 13. Stages in ripening of egg. Note development of thick outer 
egg membrane and thin inner membrane. Oil globules flow together, collecting at one side 
of protoplasm, 

Plate XLIII 

Fig. 16, X 720, the rest X 1400. Figs. 16 and 19 from iron alum haematoxylin 
preparation, the rest Gram’s gentian violet method. 

Fig. 14. Young oogonium and antheridium. Most nuclei in resting condition, some 
in early stages of mitosis. Nuclei scattered throughout oogonium. 

Fig. 15. Most nuclei in peripheral region, in metaphase, astral rays evident. C, 
centrosome. 

Fig. 16. Early stage in hydrolysis of oogonial and antheridial membrane. Note 
deeply stained granules bordering membrane and vacuoles. 

Fig. 17. Most nuclei in anaphase. Astral rays evident. 

Fig. 18. Nuclei in telophase and all save one occupying a peripheral position. The 
central nucleus has about completed division and one of daughter nuclei is reorganizing as 
egg nucleus. Note straight astral rays. The partition between antheridium and oogonium 
seemed almost completely hydrolyzed. Male nucleus in center of antheridium. 

Fig. 19, Iron alum haematoxylin preparation showing nucleus with elongated process 
from distal end of which radiate astral rays, extending straight at first but soon branching 
to form intricate network. Egg divided into two regions: central less granulated and pe- 
ripheral region with many deeply staining granules. Vacuoles larger in peripheral region 
but extending throughout. Early stage in fertilization: antheridium discharging nucleus 
into egg through hydrolyzed membrane. No oogonial beak beneath this antheridium — a 
rather exceptional condition. 

Fig. 20. Stage in fertilization slightly later than that shown in figure 19. Note 
straight astral rays and denser cytoplasm immediately around centrosphere. Note vacuole 
preceding male nucleus. No oogonial beak here, and hydrolyzed membrane not evident. 

Plate XLIV 

Fig. 21. Slightly later stage than figure 20. Section through egg nucleus, appar- 
ently tangential. Note large vacuoles in egg beneath antheridium and empty space in 
antheridium. 

Fig. 2 1 a. Part of section of same oogonium as in figure 21 with male nucleus and path 
left by it in egg. 

Fig. 22. Later stage in fertilization. Note characteristic oogonial beak beneath 
antheridium. Female nucleus in center with distinct astral rays. Male nucleus approach- 
ing egg nucleus leaving distinct path. Antheridium empty except for thick peripheral 
layer. • 

Fig. 23. Male and female nucleus fusing, both greatly enlarged, as characteristic at 
this stage. Path left by male nucleus still evident. 

Figs. 24, 25. Stages in fusion of male and female nucleus. 

Fig. 26. Late stage in nuclear fusion and in thickening of outer layer of egg wall. 

Fig, 27. Nearly mature egg, showing large fusion nucleus, globules of food material 
and thick two layered membrane all surrounded by oogonial wall. A completely ripe egg is 
not .shown. 



INTRACARPELLARY FRUITS AND OTPIER CENTRAL PROLIF- 
ERATIONS OF THE FLORAL AXIS IN HIBISCUS 

H. F. Bergman 

(Received for publication February 5, 1932) 

Some interesting examples of central proliferation of the floral axis have 
been observed in hybrid forms of Hibiscus, grown commonly in Hawaii as 
ornamental plants. In most of the cases previously described either the 
carpels were absent or the proliferation had developed from between the 
carpels and extended beyond them. Masters (5) cites instances In which 
an intracarpellary flower, as a central proliferation of the axis, was produced. 
A number of cases have been described in which the proliferated floral axis 
produced a more or less completely formed secondary fruit which was 
entirely enclosed within the ovary of the primary flower. Harris (3) has 
described proliferations of this kind in Passiflora and cited an example of 
the occurrence of the same phenomenon in the fruit of Carica papaya. This 
abnormality is apparently of quite frequent occurrence in fruits of the 
papaya and of citrus (6). Delavaud (i) observed small capsules with 
aborted ovules within the ordinary capsules oi Ihhiscus tiliaceus L. Harris 
(4) has also reported the occurrence of intracarpellary fruits in capsules of 
Hibiscus esculentus. The included fruit appeared, from its position, to be 
a central proliferation of the floral axis but this point could not be deter- 
mined with certainty. 

Attention was first called to these intracarpellary proliferations in at- 
tempting to hybridize certain forms of Hibiscus. It was observed that the 
seed pods dropped off within a few days, as is frequently the case in crosses 
of Hibiscus. On opening the pods for examination as to seed development 
small, complete pistils were found in several of the pods. Externally these 
pods were strongly convoluted whereas ordinarily they are not. It was 
thought, at first, that the abnormal condition occurred only in flowers 
which had been pollinated. Subsequent observations, however, indicated 
that intracarpellary pistils may be found in flowers at the time of blossoming 
and that undeveloped proliferations are sometimes present in the buds. 
From this it appears that even self pollination is not necessary for the 
production of the intracarpellary proliferations. 

The intracarpellary pistils observed were, in all cases, proliferations of 
the central axis of the capsules in which they were included. The prolif- 
erated central axis extended from the receptacle to about midway to the 
apex of the capsule. Both the proliferated axis and the included pistil at 
its summit were surrounded by the placenta. The size of the included 
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pistil varied with the age of the ovary within which it was included. Al- 
though pollination seems not to be necessary for the production of the 
intracarpellary proliferations, the size of the pistil produced within a capsule 
depends indirectly upon pollination. The pistil of flowers which had not 
been pollinated dropped off within two or three days after the corolla had 
fallen. When pollination occurred the pistils continued their development 
for a considerable length of time although none ever came to maturity. 



Text Fig. i. An intracarpellary pistil as a proliferation of the central axis in a pol- 
linated pistil of Hibiscus. The ovules very rarely develop into seeds. X 5. 

The included pistil, in the ovary of unpollinated flowers, was found to 
vary from 3 to 5 millimeters in length. The included pistils were green In 
color and had apparently normal ovaries but very short styles with no 
stigmas. In some cases, in which the flowers had been pollinated either by 
selfing or by artificial crossing, the intracarpellary pistils were larger than 
those just described, attaining a length of 8 to 10 millimeters. The ovary 
of these pistils was 3-4 millimeters long and 2.5-3 millimeters in diameter. 
The pistils were otherwise very similar to those first described but had 
always well developed styles and stigmas. The styles, which were 4-6 
millimeters long, were united usually nearly to the stigmas but in some 
instances one or more styles were entirely separate. The stigmas were 
spherical, pubescent, and yellow as in normal stigmas of plants of this 
particular parentage. The styles and walls of the ovary were also pubescent 
with the same kind of hairs found on normal pistils. These larger intra- 
carpellary pistils were always found in the upper part of the capsule (text 
fig. i). With the enlargement of the included pistil it usually broke through 
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the placenta into one of the locales. The styles were crowded against the 
top of the ovary within which they were enclosed, which caused them to turn 
laterally and downward along the ovary wall. Ovules were present along 
the entire length of the placentae in all the specimens observed. The 
proliferations here described are of the same type as that described by 
Harris (4) in Hibiscus esculentus. Harris was unable to satisfy himself 
‘‘of the existence of a stalk directly connecting the included fruit with the 
torus,'" the presence of which was very apparent in all specimens found by 
the writer. 

A second type of proliferation, which sometimes occurs in Hibiscus, is 
that of the production of a second flower as an extension of the central axis 
of the primary flower. Proliferations of this type are of common occurrence 
in many kinds of flowers and especially in roses. Typical cases have been 



Text Fig. 2. A secondary flower as a proliferation of the central axis. The secondary 
flower is entirely enclosed within the capsule at the time of opening of the primary flower. 
X 2. 

cited by Masters (5) and by Worsdell (8). An apparently similar case is 
mentioned by Wilcox and Holt (7) in a red-flowered Hibiscus of the parentage 
Single Pink (Experiment Station) X Carnation. In the specimens observed 
by Wilcox and Holt the secondary flower, during the early stages of develop- 
ment, was wholly enclosed within the ovary of the primary flower. As 
development proceeded the enclosed flower broke through the ovary wall 
and projected well beyond it so that the ovary wall occupied the position 
of a calyx. Another example of this kind has been found by the writer in 
a yellow-flowered of unknown parentage. At the time of opening 

of the primary flower the secondary flower was completely enclosed within 
the ovary of the primary flower (text fig. 2). After the petals of the primary 
flower had fallen the secondary flower broke through the ovary wall and 
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emerged as a smaller very double flower. The presence of stamens or of a 
pistil in the secondary flower was not observed. 

These different types of proliferation are always found on plants resulting 
from crosses of definite parents. In no instance have proliferations or 
other floral abnormalities been found on plants of any species or variety 
non-hybrid in character. Nor, in any instance, have two different types of 
proliferation been found on the same plant or on plants of the same parent- 
age. On the other hand, plants resulting from crosses of very different 
parents may produce essentially the same type of proliferation. As an 
example of this may be mentioned the flowers described by Wilcox and Holt 
(7) and those found by the writer. The parents in the two cases were 
undoubtedly different. The parentage of the flowers described in this 
paper is unknown but at least one of them was yellow flowered. In those 
cases in which plants resulting from crosses of different parents have pro- 
duced proliferations similar in their general features, where direct com- 
parison could be made, minor differences have always been found indicating 
the difference in parentage. 

The cause of these abnormalities seems to be a disturbance brought 
about by hybridization. The disturbance is probably due to inharmonious 
elements or factors in the gametes derived from plants of different species, 
as was found by Goodspeed and Clausen (2) in certain Nicotiana hybrids. 
Many different species of Hibiscus have been crossed to produce the cul- 
tivated forms grown in Hawaii. Among them some species display such 
a high degree of mutual incompatibility that they cannot be crossed. In 
other species, between which crosses can be made, the gametes contain a 
sufficiently great proportion of inharmonious elements to cause sterility, 
varying from partial to complete, and to cause disturbances which presum- 
ably result in the various floral abnormalities observed; 

Summary 

Small, perfectly formed pistils and “double” flowers as intra-ovarial 
inclusions in capsules of Hibiscus are described. 

Amherst, 

Massachusetts 
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POLLEN-TUBE GROWTH IN PRIMARY AND SECONDARY 

2 ?i I DATURAS 

John T. Buchholz and Albert F. Blakeslee 
(Received for publication February i6, 1932) 

The writers have been collaborating since 1921 in a study of pollen- 
tube growth of the various ( 2 n + i) mutants of Datura, ( 3 ne objective 
was the use of this material as a means of discovering experimentally some 
of the methods of elimination of various kinds of 13-chromosome gameto- 
phytes in the process of gametophytic selection (9) and of evaluating this 
process as a mechanism of evolution. A more practical purpose was the 
desire to discover the special conditions, if any, under which { 2 n + i) 
types may be transmitted through the pollen and whether the differential 
elimination of male gametophytes is subject to experimental control. 

A study of several other phases of developmental selection — interovular 
selection as well as gametophytic selection — had been begun (ii) when a 
special technique was developed by which pollen-tube growth could be 
investigated. Our interest and effort was, therefore, directed very largely 
to the study of male gametophytic selection, especially since it was found 
that this technique was adapted to a quantitative study of pollen-tube 
populations, and since it was useful for the study of the effects of certain 
genes (12) as well as of extra chromosomes on pollen-tube growth. 

The investigations included in this paper are based on a series of counts 
of the ungerminated pollen grains and on the distributions of the ends of 
normal and abnormal pollen tubes in individual styles after pollinations 
with the pollen taken from various 25-chromosome plants. 

The styles used in all of these comparisons were those of normal 2 n 
plants from Line i A, Normal 2 n styles were used because we believed 
that the results would not be comparable if the styles were different, as 
would be the case if the results were taken from selfing the various {2% + 1) 
plants. The mutants tested were all in Line i A, To have selfed each 
mutant in addition would not only have greatly increased the labor, but 
would also have complicated the experiment further because the styles of 
many of the {2% + i) mutants differ in structure and degree of maturity, 
and some are very difficult to dissect. When tests of the styles of selfed 
flowers were made in our preliminary studies, the results appeared to be the 
same as those from the pollinations on 2 w styles. 

A series of tests was made in 1923 using normal pollen from 2n plants 
on the styles of each of the various { 2 n +1) mutants, but no definite evi- 
dence was found which would indicate any significant differences in pollen- 
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tube growth when such different types of styles were used. Moreover our 
tests of the pollen from 2 n plants on the styles of 4^, 3^, and n plants showed 
us later that the pollen of 2n plants grows well on the pistils of ail of the 
different balanced types (16). 

All of our experience has convinced us that the best and most reliable 
comparison of the growth of pollen tubes of { 2 n + 1) types could be made 
by the pollination of 2 n styles with the pollen of the mutant types, and the 
^ results presented here were all obtained from tests made in this manner. 

The graphs or diagrams of our figures were made by counting the ends 
of the pollen tubes and plotting them in their appropriate 2-mm. interval of 
distance from the stigma at the left, representing the pollen-tube population 
growing from the left toward the right. Ungerminated and burst pollen 
grains observed on the .stigma were plotted in the vertical bar at the left, 
with normal-appearing pollen tubes above the datum line and abnormal- 
appearing, swollen, or burst pollen tubes below this line. 

Pollen-tube Growth in Normal Plants 

We have described pollen-tube growth in normal plants in several publi- 
cations (10, I2“'i7). There are, however, a number of details of procedure 
which should be given here. We have frequently made the qualifying 
statement that the tests concerned in our comparisons were obtained under 
‘‘favorable conditions” without explaining fully what may constitute 
unfavorable conditions for the tests. 

Figure i shows a test of pollen-tube growth in a 2n plant under conditions 
which we have attempted to avoid whenever possible. Figure 2 shows a 
similar test from a selfed Line 2 greenhouse plant. We have observed this 
type of distribution in various types of normal plants when obtained under 



Text Figs. 1-6. Explanation in text. 


non-setting conditions. The early flowers of plants growing in the garden 
in rich soil sometimes give this type of pollen-tube distribution, and in 
greenhouse plants growing vigorously this condition may be found in the 
first flowers, though in potted plants the time and conditions of repotting, 
etc., may cause considerable variation in this respect. At times early in 
the season, a much larger proportion of the pollen tubes are found burst 
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within the style. This non-setting condition may also be indicated by a 
poor germination of the pollen. It seems that both the pollen used and the 
conducting tissue in the pistils of unfavorable plants may contribute to this 
peculiar behavior. One is not likely to obtain many tests in which the 
stylar tissue is the factor, since the styles of such plants are usually difficult 
to dissect. 

There is greater danger in obtaining this abnormal distribution when 
the pollen is maturing on plants not in the best condition. Our criterion 
in judging the best time to test the pollen and to avoid the undesirable con- 
ditions resulting in text figures i and 2 was the abundant setting of seed cap- 
sules on the pollen parent. At times when normal plants tend to give pollen- 
tube distribution curves which are not typical, many of the buds, flowers, 
or young seed capsules drop off the plants. 

Though a high percentage of ungerminated pollen may be found in test 
pollinations from plants growing under non-setting conditions, this fact 
does not always indicate that the ungerminated pollen is incapable of 
germination. We take it that distribution curves such as those of figures 
I and 2 indicate that there was an uneven germination of the pollen; that 
the period of germination was spread over a long time-interval. The stigma, 
though fully grown, was probably not fully matured, and much of the pollen 
was more or less delayed in germination. Some of the pollen grains may 
have been partially immature, though they were shedding or nearly ready 
to be shed from the anthers when used. It seems reasonable to conclude 
from these facts that such results are due to the physiological condition of 
the plant, and that both the pollen and the pistils may be affected by these 
internal physiological conditions. Of course, not all failure in fruit-setting 
in plants should be attributed to failure of adequate pollen-tube growth, 
since we have found many seed-capsules fall off in crosses in which we had 
definitely been able to determine the fact that an abundance of pollen 
tubes had reached the ovary. However, we do feel that inadequate pollen- 
tube growth may at times be the principal cause of the difficulty in the 
setting of fruit (13), and we are convinced that investigations on this phase 
of the problem of fruit setting in economic plants would be profitable. 

In figures 3 to 6 and in figure 20, we are giving some representative 
examples of distributions of pollen-tubes in normal plants under conditioUvS 
favorable for testing. In some of these, the number of pollen grains applied 
to the stigma was much greater than in others but in no case were there any 
serious competitional effects due to crowding. 

It will be noted that while figures i and 2, which represent unfavorable 
conditions for testing, show a backward skew in the curve of distribution, 
all the other figures have a pronounced forward skew, figure 6 representing 
the extreme in this respect. Figure 5 has a less pronounced forward skew 
and shows a considerable number of short tubes. 

These tests (figs. 3-6) were selected from among a series of control 


July, 1932] BUCHHOLZ AND BLAKESLEE — POLLEN TUBES 607 

pollinations made at various times during the testing of the pollens from 
{2n + i) types, and indicate that on the whole the styles used in making 
tests of the chromosomal types were giving favorable pollen-tube growth 
conditions when tested with n pollen. 

Usually the tests which we made with the pollen of 25-chromosome 
plants, themselves, show whether the conditions of pollen maturity were 
near optimum. There is always a large group of n pollen grains which give 
pollen tubes grouped in a distinct mode, if the conditions of testing are 
satisfactory. Thus each test of the pollen of a {271 + i) plant has a control 
embodied within it. 

Experimental Methods and Precautions 

As our experience in the study of pollen-tube growth increased, we found 
it necessary or desirable to institute certain experimental precautions in 
our routine work. These may be worth the consideration of anyone 
attempting to carry on similar experiments, and there are doubtless other 
refinements which should be made in the procedure. 

Test Flowers. The flowers of 2n plants used for making the tests of pollen-tube growth 
were carefully selected from healthy plants w'hich were at the time setting seed capsules. 
Small flowers or flowers which had abnormally developed pistils were avoided. The 
flowers were castrated in the garden during the morning just before the pollen would have 
shed, or on the preceding evening, and their stigmas protected from desiccation and from 
visiting insects. As a protection we have employed straws, sealed at one end, inserted 
between the corolla and the style and tied to the corolla with a cord. The test flowers 
were left in the field until late afternoon (usually about 5 p.m.), the time when their corollas 
would have unfolded had they been left undisturbed. They were cut from the plants with 
a wet knife, their peduncles stood in small shell vials in water and brought into the labor- 
atory, to be pollinated on the same evening. Freshly cut flowers, collected as outlined 
above, have given entirely satisfactory pollen-tube growth curves. These cut flowers 
differ from those left attached to the plant only in giving distribution curves with fewer 
burst pollen tubes and in giving a better pollen germination. The chief advantage from 
the use of cut flowers comes from the ability to control the distance of pollen-tube growth 
by using a nearly constant temperature (14) and by selecting a suitable time interval. 
The humidity may also be controlled, a very important factor which ensures prompt pollen 
germination. The tests were usually made for 12-, 15-, or 18-hour periods. 

Selection of Pollen. As stated above, it was considered very important to collect the 
pollen to be tested from the plants that were at the time setting seed-capsules. Flowers 
which dropped off when touched, or which could be easily pulled off, were usually discarded 
and not used as a source for pollen, except when it was desired to test specifically the 
effect of this condition. The pollen-flowers with unopened anthers were gathered during 
the day, usually before noon, and stored with their pollen undisturbed until the time of 
pollination. 

Pollination of the Test Flowers. Pollinations were usually made about 9 p.m. with small 
sable brushes. Different sizes were selected: No. 3 sable for abundant pollinations, Nos. i 
or 2 for more sparse pollinations. It is necessary to use a separate brush for each polli- 
nation, since sterilization with alcohol may render them toxic to the pollen for many hours 
afterward. This precaution of complete sterilization must, of course, be taken in making 
pollinations on garden or greenhouse plants from w'hich seeds are desired. However, for 
tests of pollen-tube growth on styles, we have found it possible to free the brush of prac- 
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tically all pollen by alternately striking it sharply against a stone several times and rubbing 
it against a clean cloth. It is very improbable that a few scattered pollen grains which 
might be left on the brush would be included in the subsequent pollination and even if there 
were a few foreign pollen grains they could not perceptibly affect our results. However, when 
the pollen of triploid plants is used after making a series of pollinations with normal pollen, 
there is a possibility that the contamination of even a few foreign grains from the normal 
pollen previously used might affect the results (16). In tests of this kind, therefore, we 
have always employed brushes previously sterilized and thoroughly dried out. 

There is, moreover, danger from pollen floating in the air even though Datura pollen is 
fairly heavy and adhesive. The unpollinated test flowers, both before and after pollination, 
should be adequately protected from floating grains and the pollinations should be made 
where there are no air currents. We have used the subterranean artificial cave in the 
laboratory of the Carnegie Institution at Cold Spring Harbor for this work. The advantages 
which it affords are nearly constant temperature (17.5® to 19° C.), freedom from air cur- 
rents, and high relative humidity (13, 14). 

The pollen was very evenly distributed over the stigma and an effort was made to 
avoid clumps of pollen. The stigmas of the test flowers were matured and receptive, which, 
together with a high humidity, usually gave almost immediate germination of the pollen 
grains which were capable of germination. These are very important conditions since we 
were not only testing the germination of the pollen composed of two or of several classes of 
pollen grains, but we were conducting a gametophytic race, as it were, in which the distance 
of growth in a given period was a measure of the differences between the various components 
of the pollen. In any race or contest there should be an even start. Had we merely ob- 
served the conditions found in flowers which were naturally self-pollinated in the garden 
there might have been no distinct grouping of the pollen tubes because there would have 
been a long-drawn-out period of pollen germination and perhaps less favorable conditions 
of humidity, etc., or the grouping of pollen tubes might have been due to disturbances 
which would give the same result as several distinct and separate pollinations of the stigma. 
Our test flowers were left entirely undisturbed between the time of pollination and killing. 
A bi-modal grouping of the pollen tubes in a style such as the one shown in figures 40, 42, 
and 44 may be obtained artificially with pollen of 2% plants by pollinating the stigma twice 
with an interval of 6-8 hours between the pollinations (18). 

The procedure in slitting and killing the styles, dissecting, staining and mounting them 
has been described elsewhere (10, 13) and will not be repeated here, since there have been 
no very important improvements in these general methods. 

In the various tests which we are describing we are using a slightly 
different set of symbols from those given in previous publications on 
pollen-tube growth (15, 17). In this scheme (4, 5, 8, 19) the ends of each 
chromosome have been numbered beginning with the largest or Rolled 
chromosome (4) which receives the numbers i -2. The next ones are 3 ■4, 
5*6, etc., up to 23-24 for the smallest chromosome. Our readers should 
thus bear in mind that what was formerly described (15) as the primary 
(2w + Rl) may also be designated 2w + i • 2 ; its secondary Polycarpic 
{271 + Py) may be written to show its doubled half as 2 n + i and its 
complementary secondary Sugarloaf {2% + Sg), may be written 2 + 2-2, 
while a {2% + i) plant has reference to any 25-chromosome plant. The 
size classes of the chromosomes of Datura have been described (i , 4). 

The Rolled Group 

Rolled (Rl) is the primary type in which the extra chromosome belongs 
to the largest size class, L, 
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^ The photomicrograph of text figure 7 shows a test preparation in the 
stigma region in A , and also the region of the forward group of pollen tubes in 
B. This is typical for the condition as shown in figures 8 to 10. The two 
classes of pollen grains with formulas m and k + i - 2 are therefore definitely 
separated into two^ groups of gametophytes, differing in their behavior. 
Figures 8-10 are mid-season tests made at the most favorable time. The 


Text Fig. 7. Photomicrograph of a portion of a test slide of Rl. The ends of swollen 
and burst n i pollen tubes are shown in A, near the stigma at the left, and the w pollen 
tubes at B. X 9. 


part of the pollen with n chromosomes grows normally constituting the 
distinct forward mode, while the pollen with formula + 1*2 forms a group 
of abnormal-appearing pollen tubes, chiefly swollen or burst tubes remaining 
short near the stigma. 

If the pollen of Rolled is tested early in the season (using pollen of flowers 
which would probably not have set seed capsules if left) the pollen-tube 
distributions frequently give the appearance of figure ii Here the 
n + 1-2 pollen failed to germinate, but the two groups of gametophytes of 
nearly equal proportions are nevertheless recognizable. Depending upon 
the condition of the plant whose pollen is tested, there may be slight vari- 
ations in the distance through which the + 1*2 pollen tubes grow before 
they burst. This distance is recorded from the point at which the bursting 
takes place to the periphery of the stigma. In a series of many tests made 
every summer over a period of 10 years, however, this variation has fluc- 
tuated within only narrow limits. 
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At best the n + i -2 pollen tubes are able to grow only about i /20 of 
the distance necessary to accomplish fertilization. Our tests indicate very 
definitely why the R 1 type has never been successfully transmitted through 
the pollen. 

The pollen of the secondary Polycarpic { 2 n + i • i) gives the distribution 
shown in figure 12. As explained in greater detail elsewhere (15) the dis- 



junction of the trisome gives four classes of microspores having formulas, 
n, n + i - I, n + i -2, and — i *2 + i • i. The last-named class of micro- 
spores is deficient in the segment *2 and aborts before the pollen reaches 
maturity in the anthers, constituting “ bad pollen” (6, 7). The other three 
classes are present in the matured pollen and may be recognized in the 
distribution diagrams of figure 12. The n pollen has formed the pollen 
tubes of the forward mode. The + 1*2 pollen is recognized by its be- 
havior in that it bursts in the style near the stigma, as this pollen class was 
found to do in the tests of Rolled, and is represented as abnormal pollen 
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tubes below the datum line at the left near the stigma. The n + i • i 
group of gametophytes is recognizable as the ungerminated pollen. Neither 
of the last named groups complete the growth necessary for the pollen 
transmission of the extra chromosome which they carry. Therefore, the 
Polycarpic chromosome i • i cannot be transmitted as an extra through the 
pollen. 

Differences are also found in the tests of the pollen of Polycarpic, 
depending upon the growth conditions of this 25-chromosome type. A test 
of pollen-tube growth from a field plant is shown in figure 13. Figure 12 is 
from a greenhouse plant growing under more favorable conditions when 
seed capsules were being formed. 

The pollen of the secondary Sugarloaf {271 + 2*2) gives the tests shown 
in figures 14 and 15. The disjunction of its trisome gives microspores of 
formulas + 2 *2, n + i *2, and n — 1*2 +2-2. The latter are deficient 
and therefore abort as ‘^bad pollen’' (6, 7). The three classes n, n + 2-2 
and n + i '2 are all recognizable in the distribution diagrams, in which 
under favorable conditions only a negligible portion of the pollen fails to 
germinate. Under very unfavorable conditions a considerable portion of 
the pollen fails to germinate, presumably the n + i‘2 pollen. 

It is obvious that n 2-2 gametophytes may grow normally, but at a 
slower rate than the n gametophytes, about 2/3 as fast. The tests, there- 
fore, give bi-modal distribution curves of normal-appearing pollen tubes 
in which the n + 1-2 pollen tubes may also be recognized by their behavior 
in bursting. We have successfully transmitted the extra 2 • 2 chromosome 
through the pollen (15) using some of the methods described for the pollen 
transmission of Cocklebur (17). These three conditions of pollen-tube 
growth in the Rolled group, wherein the primary stands between the 
extremes represented by the two secondaries, have been previously described 

(15)- 

Glossy and Its Secondary 

Glossy (Gs) is a 25-chromosome primary whose extra chromosome 
belongs to the size class 1 . This chromosome is designated as 3*4. Only 
one of the secondaries has been obtained thus far, Smooth (Sm) having 3-3 
as the extra chromosome. 

Since Glossy is definitely known to be a primary it has only 2 classes of 
pollen grains, w and + 3*4. Pollen-tube distribution tests under favor- 
able conditions are shown in figures 16 and 17. The normal -appearing 
pollen tubes, coming from the n pollen, constitute the forward mode. If 
we assume an equality between the number of n and « -}- 3 * 4 pollen grains 
it is obvious that the rest of the gametophyte population is not all found in 
the same condition. There are not enough ungerminated pollen grains to 
offset all of the germinated pollen, likewise there are not enough abnormal 
pollen tubes to offset the normal-appearing pollen tubes. Furthermore, 
there is a small second mode of normal-appearing pollen tubes at about the 



6I2 


AMERICAN JOURNAL OF BOTANY 


[VoL 19 


mid-point in figures 17 and 18, but this group is not found in all of our 
tests. 

The only explanation which fits these facts seems to be that the 
pollen germinates poorly, which accounts for the large proportion of 
ungerminated pollen grains; that when this class of pollen germinates the 
great majority of the pollen tubes burst, but that a few of the ?? + 3-4 
pollen tubes may still be found growing at about half of the rate of n tubes, 
after the period of these tests. Hence, if the + 3*4 pollen tubes all burst 
in an early stage of growth the small group at the mid-point w^ould not be 
evident. This condition is, in fact, somewhat similar to the one found in 
the tests of the pollen of tricarpel (12) in which a gene is responsible for a 
bursting of a large proportion but not all of the pollen tubes which carry it. 

The question of the pollen transmissibility of the 3*4 chromosome as 
an extra presents many problems. It appears that under the most favorable 
conditions a very small group oin + 3*4 pollen tubes might reach the ovary 
provided the group of n pollen tubes which precedes it is not large enough 
to fertilize all of the eggs. The backward group would contain fewer than 
the number of n + 3 • 4 pollen tubes indicated in the tests of figures 16 and 17, 
since there would doubtless be other losses to this group through bursting 
before the ovary is reached. Any n + 3-4 pollen tubes which reach the 
ovary would fertilize eggs in the lower portion, and the resulting 2 n + 3*4 
zygotes would be found among the seeds situated in the lower portion of 
the capsule (17). 

Tests of the secondary Smooth ( 2 n + 3*3) are shown in figures 18 and 
19. Here a condition is found very similar to that of the primary, except 
that the abnormal pollen tubes tend to burst slightly nearer the stigma, and 
probably a smaller proportion of the n + 3.3 pollen grains actually germi- 
nate. Among the burst pollen tubes there are also those of the w + 3 • 4 
class which may be assumed to be distributed so that some remain growing 
in the small second mode seen near the mid-point as shown in figure 19. 

The 3*3 chromosome, therefore, cannot be transmitted as an extra 
through the pollen. 

The Buckling Group 

Buckling (Bk) and its secondaries, Strawberry (St) and Areolate (At) 
constitute the second group (4) in which the extra chromosome belongs to 
the size class 1. The Bk chromosome is represented with its ends numbered 
5*6, that of St, 5*5, and At 6-6. 

Figures 21 to 24 show several tests of Buckling. In a majority of the 
tests made through the growing season, half or nearly half of the pollen 
grains remain ungerminated on the stigma, as in figure 21. Actually most 
of the pollen grains are somewhat swollen and irregular, and often burst. 
We have plotted these as ungerminated pollen in our diagrams. Under the 
most favorable conditions which we have found, some very short pollen 
tubes, not burst, may be observed near the stigma (figs. 22 and 24), but 
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always associated with considerable ungerminated pollen. For some reason 
the 5*6 chromosome interferes with pollen germination, but if germination 
takes place the ^ + 5*6 pollen tubes grow for only a few millimeters 
distance in the style. In tests made for 24 and 36 hours these short tubes 
are still near the stigma very abnormally swollen or burst, and that they 
sometimes burst within 12 hours is shown in figure 23. The Buckling 
chromosome 5*6 is, therefore, not pollen-transmissible as an extra under 
any known circumstances. 

Strawberry (St) which has as its extra the doubled half 5-5 of the 5*6 
chromosome is likewise not pollen-transmissible. Figures 25 and 26 show 
tests employing the pollen of St. As in the case of any secondary there are 
microspores of four classes forming pollen grains with n chromosomes, 
^ + 5‘5> ^ + 5’6, and n + 5-5 — 5*6. The last-named class being 
deficient, forms aborted pollen grains or “bad pollen.'’ In some of the 
tests the short pollen tubes ?z + 5*6 are recognizable, but the pollen 
^ + 5’5 apparently never germinates. The pollen of formula therefore, 
may be considered the only part in the pollen of St which becomes func- 
tional in fertilization. 

Tests of Areolate (At), the other secondary of Buckling, with the doubled 
half 6-6 as the extra chromosome, presents a far more interesting set of 
distribution curves, as shown in figures 27 and 28. Here the proportion of 
ungerminated pollen is still considerable but there are two major modes of 
normal-appearing pollen tubes, the n group far in the lead, the + 6*6 
pollen tubes in a retarded or slow-growing group. The ^ + 5*6 pollen 
tubes from this secondary would be expected to be very short or to be 
represented by ungerminated pollen grains. 

Areolate, therefore, is probably pollen-transmissible, but the n + 6*6 
pollen tubes grow only about a third as fast as the n pollen tubes. If the 
latter are not too numerous so that not all of the eggs are fertilized by them, 
we may expect to obtain some zygotes from the n + 6*6 pollen tubes since 
the interval before the style drops off in a flower is usually several times as 
long as is necessary for the growth of ?z pollen tubes through the style. 
The lower portion of the seed capsule would contain the 2n + 6-6 plants. 
Areolate has only recently been recognized and the genetic back-crosses to 
test its pollen-transmissibility have not yet been planted. 

We find, therefore, a striking similarity in the relations between the 
members in the Buckling group and in the Rolled group in which the primary 
stands between the extremes represented by the two secondaries. 

Elongate and Its Secondary 

The extra chromosome in Elongate (El) belongs to the size class M. 
Its ends are designated 7 '8. The primary seldom sets seeds when grown 
in the open, and our most satisfactory tests of pollen-tube growth were, 
therefore, made by using the pollen of greenhouse plants. Only one second- 
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ary is known, Undulate (Un), which has the double half chromosome 7-7. 
The viability of Elongate is low as shown by the fact that only about 10% 
of its progeny (through female inheritance) are Elongates against more than 
twice this proportion in most of the other 25~chromosome plants (3). 

Figures 29 and 30 show tests of the growth of the pollen-tubes of 
Elongate. These tests were made on the pollen of greenhouse plants. 
When the pollen of an occasional flower of a field-grown El was tested, about 
half of the pollen remained ungerminated. When we examine the distri- 
butions of pollen tubes in figures 29 and 30, we find that here again it seems 
necessary to consider ungerminated pollen grains together with the burst 
pollen tubes in order to account for enough + 7 • 8 gametophy tes to offset 
the n pollen tubes. There is, moreover, a small second group of normal- 
appearing pollen tubes which are growing at about half the rate of the n 
group. If El only had better viability there might be a possibility under 
the most favorable conditions of a very limited pollen-transmission of the 
extra chromosome 7-8. The distributions of pollen-tube growth are, in 
fact, very similar to those which we have described for Glossy, except that 
Glossy has much greater viability (3), slightly above 23%, and the prospects 
of success in transmitting the chromosome 3-4 are, therefore, more than 
tv'ice as favorable as they are for the 7*8 chromosome. 

A test of Undulate (Un), the secondary of El, which has the 7 * 7 chromo- 
some extra is shown in figure 31. It appears that a considerable portion of 
the w + 7*7 pollen may germinate, giving rise chiefly to burst pollen tubes, 
and a group of very short normal-appearing tubes. Since this test was made 
from a field-grown plant, it is likely that the # + 7*8 pollen grains which 
are to be expected in the pollen of this secondary are among the unger- 
minated pollen grains. In any event, the n pollen tubes are probably the 
only ones which may be expected to reach the ovary to accomplish fertil- 
ization. The short normal-appearing pollen tubes situated near the stigma 
seem to have burst in considerable proportions and still have a long distance 
to grow before reaching the ovary. Thus, we would not expect to obtain 
pollen-transmission of either Un or El. 

The Echinus Group 

Echinus (Ec) and its secondaries, Mutilated (Mt) and Thistle (Th), 
constitute a group involving chromosomes of the size class M. The Ec 
chromosome is represented with its ends numbered 9-10, that of Mt 9*9 
and of Th io* io. 

Figures 33 to 36 show pollen-tube growth tests of Ec where various 
amounts of pollen are used. We always find a prominent group of burst 
pollen tubes in the funnel shaped portion of the style just below the stigma 
and a group of n pollen tubes far in the lead. Usually we find many normal- 
appearing pollen tubes which remain short among those which have burst. 

Tests of Mutilated {271 + 9*9) are shown in figures 35 and 36. Here we 
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consider the ^ + 9 *9 pollen grains the ones which fail to germinate. There 
are many burst pollen tubes of the type found in Ec in all Mt tests, but these 
would be expected since this secondary produced microspores of the formula 
n + 9‘9, w + 9* 10 and ^ + 9'9 — 9* 10. The last class, n + 9*9 — 9* 10, 
is deficient in the half • 10 and aborts. The other three clavsses mature as 
pollen grains, and are all accounted for if we consider the n + 9-10 to be 
relatively large in the pollen of Mutilated, especially in the test of figure 36. 
The correctness of this interpretation is indicated by the corresponding 
female inheritance of Mt, where records show that over a period of several 
years Mt plants have thrown in a total of 1293 plants, 76% normals, 14% 
Mt, 8% Ec, and 2% other unrelated 25-chromosome types. About a third 
of the 25-chromosome progeny of Mt is Ec. 

Tests of Thistle (2n + lo- 10) are shown in figures 37 to 39. Here we 
must also look upon the n + lo* 10 pollen grains as the ones which fail to 
germinate. The tz + 9*io grains apparently produce burst tubes which 
occur in much smaller proportions than in the other secondary. However, 
this condition is also borne out by the corresponding female inheritance. 
Thistle has thrown in a total of 1045 plants, 64% normals, 31% Th, 3% 
Ec, and 2% other unrelated types. Thus we see that while a high propor- 
tion of '/i + 9 • 10 pollen tubes may be expected from tests of Mt there should 
be a low proportion in the tests of Th. This line of argument may be less 
successful with other chromosomal types since a number of factors may be 
involved affecting the type of chromosome disjunction in megaspore for- 
mation and the survival of the resulting extra chromosomal types. More- 
over, it is uncertain how close the correspondence may be between the dis- 
junction in megaspore formation, which is primarily responsible for 2?z+i 
types in the progeny, and the disjunction in microspore formation, the results 
of which concern us in the present paper. 

It may be concluded from our tests that none of the members of the Ec 
group may transmit the extra chromosome, that neither the 9*10, the 9-9, 
nor the lo-io chromosome is transmissible as an extra. 

Cocklebur and Its Secondary 

Cocklebur (Ck) is another 25-chromosome primary whose extra chro- 
mosome belongs to the medium sized group M. This chromosome is 
designated as ii*i2. Only one secondary is known, Wedge (Wd); its 
chromosome is ii-ii. Since this primary and secondary have been made 
subjects of a special study (17), it will be unnecessary to describe a large 
series of these tests here in great detail. Figure 40 shows a typical test of 
the pollen of Ck and figure 41 that of Wd. It is evident that the n + 1 1 • 12 
pollen tubes may grow normally but at a slower rate than n tubes. When 
plants furnishing the pollen are growing under very unfavorable conditions 
many of the + 11*12 pollen tubes may burst or this pollen may even fail 
to germinate, but under moderately favorable cultural conditions one may 
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feel conMent in obtaining a distribution of pollen tubes such as the one 
shown in figure 40. Wedge, which has microspores n, n + + ii-i2 

and n + ii-ii — 11*12, the latter forming aborted pollen, has the re- 
maining three classes of pollen tubes shown in figure 41. The n + ii*ii 
pollen tubes burst near the stigma, and the n + Ii*i 2 pollen tubes con- 
stitute a relatively small group midway between the n and n + 1 1 • 1 1 
tubes, corresponding to the small proportion of primaries thrown by this 
secondary through female inheritance (3). The transmission of the extra 
11-12 chromosome has been verified by appropriate genetic tests (17). 

The Microcarpic Group 

Microcarpic (Me) and its secondaries constitute a group involving 
another chromosome 13*14 of the size class M. One of its secondaries is 
Mealy {2% + 14*14), and the other 2 n -h 13*13. 

Microcarpic (Me) gives very good bi-modal distribution curves for a 
limited period during the summer (usually about the middle of August) as 
shown in figures 42 and 44. There are two groups of pollen tubes differing 
only in their rate of growth — the forward group of n pollen tubes grows about 
twice as fast as the w + 13*14 group. Earlier in the summer or late in 
August, the conditions for tests of Me are not so favorable. Figure 43 
shows a test of Me in which conditions for pollen-tube growth were less 
favorable. Many pollen tubes have burst and the mode of distribution 
of w + 13*14 pollen tubes shown in figures 42 and 44 has been broken up 
into several scattered groups. Under this condition one may expect a much 
less satisfactory transmission of the extra chromosome. At times the 
n + 13*14 pollen grains germinate only partially or they may even fail 
entirely to germinate. 

Mealy (Ml) is one of the secondaries of Microcarpic having as the 
doubled half 14*14. Tests of the growth of its pollen tubes are shown in 
figures 45 and 46. In the test of figure 45, about 81% of the pollen ger- 
minated. In figure 46, only about 64% of the pollen germinated. We 
may recognize the group of n pollen tubes in the forward mode constituting 
very nearly a third of the gametophytic population in both of these tests ; 
hence the difference between these two tests comes from a variation in the 
proportions germinated which belong to the n + 14*14 and n + 13*14 
groups combined. Figure 45 has about 46% of its germinated population 
not belonging to the n group while figure 46 has only 30%. The two tests 
were made in the latter part of August with only five days intervening. 
Whether the distinct second mode of figure 45 consists mostly of ^ + 14 *14 
pollen tubes or -f 13* 14 cannot be determined with certainty; it is 
probable that both of these types of gametophytes may be found within 
this group and that one of them, probably the 7^ + 14* 14, greatly predom- 
inates in figure 46, where the + 13*14 may be the part remaining largely 
as ungerminated pollen. 




Text Figs. 42-63. Explanation in text. 

Tests of the other secondary 2 n -f- 13*13, are shown in figures 47 to 49. 
Here the proportion of ungerminated pollen is high, from 33-38%. This 
ungerminated pollen plus a part of the burst pollen tubes probably repre- 
sents the n -f- 13*13 gametophytes. The n group includes a little less than 
a third of the total gametophyte population, and the pollen tubes remaining 
in the group between are probably the n + 13V14 group including in- 
crements from the other two groups. 

While the breeding behavior of the secondaries 14*14 and 13-13 as 
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shown by their female inheritance has not been determined from large; 
numbers, it appears that they both throw their primary, Me, in relatively 
high proportions. Thus we may at times expect a fairly large intermediate 
group oi n 13*14 pollen tubes shown in some of the tests. 

On the whole, it appears that under proper conditions the chromosome 
13-14 may be pollen-transmitted as an extra, provided that the pollen 
germinates satisfactorily. The two secondaries seem to be non-transmis- 
sible: 13*13, because the pollen fails to germinate; 14-14, because it germi- 1 
nates poorly and gives rise to very slow-growing or burst tubes when ger- ; 
minated. We should probably expect that since Me is pollen-transmitted, 
at least one of its secondaries should be, but this is not indicated by our 
tests thus far. 

Reduced and its Secondary 

Reduced (Rd) which involves another chromosome, 15 * i6, belongs to 
the size class m. One secondary Scalloped (Sc) has been discovered; its 
chromosome is designated as 15*15. 

Figures 50 to 52 show tests of the pollen of Rd. Here there are two 
groups of pollen tubes, the n group in the forward mode and a retarded 
group of slow-growing, normal-appearing pollen tubes found in the region ; 
with many burst tubes. This class is somewhat variable in behavior. At 
times, the proportion of these tubes which burst may include nearly all the 
n + 15*16 pollen tubes indicating practically no pollen transmission of the ; 
extra chromosome, but at other times the bursting is not so general so that i 
this chromosome may be transmitted through the pollen as an extra. Under 1 
favorable conditions, one may expect a reasonable amount of pollen trans- 
mission. 

A test of the secondary Scalloped (Sc) with the doubled half 15 • 15 as an 
extra is shown in figure 53. Here only 7.2% of the pollen remains ungermi- 
nated. The n pollen tubes in the advanced mode constitute about 29%, 
and the normal-appearing pollen tubes in the slow group, together with ! 
the group of burst tubes, make up 63.4% of the total population. Since i 
the pollen germination was very high it is obvious that the latter groups 
must include the n + 15*15 gametophytes and that these behave very I 
nearly the same as the 7^ + 15-16 pollen tubes, some of which are also in- 
cluded in this group. The n + 15*15 pollen tubes probably grow some- 
what more slowly than the n + 15*16. Both of these classes, whether 
carrying the extra chromosome of the primary or its secondary, are easily 
subject to bursting in their passage through the style, and the high pro- 
portions transmitted through the pollen in Ck might not be expected with 
Rd or Sc. 

Poinsettia and its Secondary 

Poinsettia (Pn) is a 25-chromosome plant involving one of the ra 
chromosomes, designated as 17-18. One of its secondaries, Dwarf (Df) 
with the doubled half 17 *17, has been known for some time 
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Tests of Pn from field-grown plants were attempted over many years 
without satisfactory results. The diagrams obtained usually gave dis- 
tributions with a backward skew and considerable ungerminated pollen. 
However, certain breeding evidence (not in Line i) has indicated that Pn 
is sometimes transmitted by the pollen. The plants do not .set capsules 
freely in the field, and for this reason we have resorted to tests of greenhouse 
plants. Figure 54 is a test made from the pollen of a greenhouse plant 
growing under favorable conditions. Here a distinct bimodal grouping of 
pollen tubes is recognizable and under these conditions the n+ 17* 18 
chromosome should be pollen-transmissible provided the amount of pollen 
used in the pollination is not excessive. 

A test of Dwarf (Df), the only known secondary of Poinsettia, is shown 
in figure 55. This shows that very few if any of the n + 17-17 pollen 
grains germinate. They have not germinated, though many tests have 
been made and repeated at various times. The portion of the pollen which 
has germinated aside from the n group may be the n + 17*18 component 
in the pollen of this secondary, which seems likely, since there is a small 
group of slow-growing pollen tubes at the distance corresponding to the 
slow group in figure 54, but many of them have burst. Dwarf is, therefore, 
not pollen-transmitted. As in other secondaries, the n + 17*17 17*18 

microspores form aborted pollen. 

Spinach and its Secondary 

Spinach (Sp) is one of the primaries whose chromosome 19*20 belongs 
to the size class m. Figures 56 and 57 show pollen-tube distributions from 
tests of Sp. Since Sp is a primary we may expect it to produce only two 
kinds of gametophytes, n and n + 19*20. Neither the burst pollen tubes 
alone, nor the ungerminated pollen grains on the stigma taken alone, could 
account for enough gametophytes to balance the n pollen tubes, but the 
two groups balance fairly well when ungerminated and burst pollen tubes 
are considered together. Our tests, therefore, indicate that the -f 19*20 
gametophytes may germinate in part and remain ungerminated in part. 

Divergent (Dv) is the only known secondary of Spinach and has the 
19*19 as an extra chromosome. A test of its pollen- tube growth is shown 
in figure 58. These tests seem to resemble Sp more or less, but have a 
higher proportion of ungerminated pollen. Neither Spinach nor its sec- 
ondary Dv appear to be pollen-transmissible. 

Globe 

Globe (Gi) has an extra the chromosome 21*22 of the size class S. It 
has no known secondary. Figures 59“-6i show tests of the pollen of Globes. 
In figure 61 the n + 21*22 pollen tubes are growing slowly in a group which 
has a wide spread and has grown only about half the distance of the 7^ 
tubes. A large portion of the 71 + 21*22 pollen tubes have grown about 
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two-thirds as far as the n tubes in figures 59 and 60. There are many pollen 
tubes which have burst or remain as extremely slow-growing tubes in all 
of the tests, but there is usually a fairly large group of # + 21-22 tubes ^ 
which may be expected to reach the ovary to accomplish fertilization. 

Globe is pollen-transmissible under favorable conditions. The study of 
pollen transmission of Globes has been the subject of special study carried 
on over many years. With restricted pollinations we have obtained as 
high as 30% transmission for the whole capsule in individual cases, though 
the average for all attempts is far below this figure. The results of our 
genetic tests of the pollen transmission of Gl, too lengthy to be included 
here, will be reported elsewhere. It appears that the + 21 -22 pollen 
tubes may at times grow at more than two-thirds the rate of the n pollen 
tubes, at times they grow at a slower rate and a considerable proportion 
of them may burst within the style. 

Ilex 

Ilex is a 25-chromosome plant which has as an extra the smallest 
chromosome, s, designated 23-24. No secondary of Ilex has been recog- 
nized. Figures 62 and 63 show tests of the pollen of Ilex. The plant is 
very late in flowering when growing in the field, and usually half the pollen 
remains un germinated as shown in the figures. The smallest chromosome 
23*24 is, therefore, not transmitted by the pollen as an extra in field-grown 
plants because these pollen grains fail to germinate. No tests of the 
pollen of greenhouse Ix plants have been made. 

Discussion 

The various chromosomes of Datura Stramonium Line i A may be clas- 
sified and arranged according to their pollen-transmissibility as extra 
chromosomes. Judging from the pollen-tube growth of the primaries the 
approximate order of their ease of transmissibility is: Ck, Me, Gl, Rd, and 
Pn. For all of them the conditions of pollen-tube growth would have to 
be favorable, though a wider range of favorable conditions would be available 
for Ck than for the rest. Pollen transmission of Pn could be obtained only 
by using the pollen of greenhouse plants. 

We may list Gs in a second category of primaries in which pollen trans- 
mission of the extra chromosome might be obtained occasionally, but only 
in a very small percentage of the progeny, when growing under the condi- 
tions most favorable to pollen-tube growth. Elongate might possibly 
belong in this category but the low viability would probably prevent the 
El zygotes which might arise through pollen transmission from appearing 
in the progeny. For this reason we include El in the non-transmissible 
group. 

The following primaries are considered non-transmissible because the 
pollen tubes which carry the extra chromosome burst within the style : Rl, 
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El, Bk, Ec, Sp; and Ix should be included because the n + 23-24 pollen 
grains fail to germinate. Under unfavorable conditions those of Rl, El, 
Bk, and Sp, as well as most of those enumerated among the pollen-trans- 
missible group, may fail to germinate. 

Among the secondaries, pollen transmission of the doubled half chromo- 
some may be expected in Sg, At, and possibly in Sc. In many experiments 
in which trisomic types are desired from pollen-transmission, Sg could be 
substituted for Rl, and At for Bk, while Sc offers no advantage over Rd, 
which is probably more easily pollen-transmitted than its secondary. The 
conditions for Ml are at present somewhat uncertain. Two chromosomes 
are, therefore, added to the list which may be pollen-transmitted as extras 
either through their primaries or their secondaries. 

The remaining group of secondaries, Py, St, Mt, Th, Df, Dv, and 13-13 
are non-transmissible because the n i pollen grains fail to germinate; 
Sm, Un, Wd and Ml (?) because the portion which may sometimes germi- 
nate, bursts within the style. Most of these secondaries, with the exception 
of Wd, give a very poor germination of the pollen grains which contain the 
extra chromosome. 

The rates of growth of the 13-chromosome pollen tubes also vary con- 
siderably. When at their best the pollen tubes with 7^ + 2 1 • 22 chromosome 
of G1 seem to grow from 2/3 to 3/4 of the rate of the n tubes. The + 2 * 2 
pollen tubes of the secondary Sg grow at about 2/3 of the rate of n tubes. 
The 13-chromosome gametophytes of Ck, Me, Rd, Pn, El, and Gs grow at 
a rate somewhere between 3/5 to 2/5 as fast as n, and the 7^ + 6*6 pollen 
tubes of the secondary At grow at about 1/3 of the rate of the n tubes. Of 
course, these approximate rates of growth should be based on the positions 
of the 13-chromosome pollen tubes which are still growing, and not on the 
average position of their entire groups which would include the burst tubes. 

Another consideration which is involved with genetic tests of pollen 
transmission is the question of viability (3). Some of the 25-chromosome 
plants have a low rate of survival in their female inheritance as shown in 
the progenies obtained from selfed capsules. Thus Ix stands highest among 
the primaries, being obtained in nearly 34% of its progeny, Pn 30%, and 
El stands relatively low at about 10%. There is a differential elimination 
among the female gametophytes, ovules, seeds, and seedlings, which tends 
to prevent the formation of, or to destroy, the zygote with extra chromo- 
somes, and the relative viability of a type may be taken as an index of the 
probability of the survival of a 25-chromosome zygote should it originate 
by pollen-transmission or otherwise. When their origin is from pollen 
transmission, a plant such as Pn would stand a much greater chance in its 
survival during interovular selection and the other eliminative processes 
than Rd (19%) or Sg (20%). Thus while our tests indicate that El might 
appear to transmit about as high a proportion of 13-chromosome pollen 
tubes to the ovary as Gs, its low viability would greatly lower the proportion 
of these which might survive in the seed progeny. For this reason, we 
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consider Gs more likely to be successfully pollen- transmitted than El, and 
even Gs is very questionable. 

It is possible that we have, for practical purposes, somewhat over- 
estimated the pollen-transmissibility of some of the extra chromosomes. 
It should, therefore, again be pointed out that the conditions under which 
our laboratory tests of pollen-tube growth have been made are quite ideal 
We feel assured that such conditions would be relatively infrequent in a 
garden culture, but they may be obtained and controlled for potted green- 
house plants, as in the experiments with Ck (17). We have had some 
success in transmitting G1 and Sg through the pollen by operating on plants 
growing in the field (15). 

One of the chief obstacles to be overcome in the pollen transmission of 
the extra chromosome is the great preponderance of n pollen tubes which 
arrive at the ovary first and may fertilize all or nearly all of the eggs, 
leaving few ovules to be entered by late-arriving pollen tubes. 

There are several practical pollination methods which may be used to 
overcome this difficulty. If the pollinations are restricted to about 500 
pollen grains, the n pollen tubes cannot monopolize all of the ovules and 
any slow-growing n + i pollen tubes which arrive in the ovary later may 
fertilize some of the remaining ovules. These are usually situated in the 
lower part of the seed capsule (17). By another method the n pollen tubes 
may be excised and discarded after a period of growth in the pistils of cut 
flowers in the laboratory, and the style with short tubes attached to the 
lower part of the style of an unpollinated flower (18). We have obtained 
25-chromosome offspring by the use of both of these methods. 

Our investigations (18) on spliced styles in field-grown plants have also 
brought out the fact that at least 20-30 pollen tubes should enter the ovary 
in order to ensure the setting of a fruit. Thus, we should have to have a 
slow-growing group of pollen tubes as large as 20 or more. For Gs, at 
least, there is some question as to whether there would be as many as 20-30 
pollen tubes which might survive bursting and successfully cross the place 
of splicing. These studies of pollen-tube growth in 25-chromosome plants 
have served to indicate which of the primaries or secondaries might be used 
for restricted pollinations or for style-splicing operations with a reasonable 
probability of success. 

Origin of 25-chromosomal Types 

Aside from these more practical considerations concerning the pollen- 
transmissibility of extra chromosomes there is the question of the origin 
of chromosomal types and their fate under natural conditions. If non- 
disjunction occurs in megasporogenesis, the extra chromosome has the 
chance of survival through female inheritance somewhat limited since the 
female transmission of extra chromosome plants is not in the chance pro- 
portion of 50% but more nearly in the propotion of 30% for the most viable 
25-chromosome zygotes with various smaller proportions for others down 
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to 3% or less. The interovular elimination of 25-chromosome zygotes or 
the female gametophytes which could produce these zygotes occurs again 
and again in every life cycle. Interovular selection and other eliminative 
processes therefore greatly reduce the proportions of extra-chromosomal 
plants in the progeny on the female side, where conditions for their survival 
are most favorable. 

Gametophytic selection during pollen-tube growth is far more severe, 
eliminating the extra chromosome of 7 primaries before the fertilization 
stage is reached, and sifting out the extra chromosomes which would produce 
the remaining types in high proportions. For five of the 12 chromosomes, 
there might be an occasional 25-chromosome plant which could survive and 
owe its origin to non-disjunction in microsporogenesis. 

There is the possibility of a slight difference between a 13-chromosome 
microspore derived from non -disjunction in a diploid plant and one coming 
from microsporogenesis in a 25-chromosome anther. The former has its 
initial cytoplasm derived from a diploid pollen mother cell, while the latter 
has its initial cytoplasm derived from a 25-chromosome pollen mother cell. 
As we have pointed out elsewhere (16), the volume of the microspore en- 
larges about 2400% and its nucleus divides at least once in the process of 
maturing as a pollen grain, but in one case the environment in which this 
happens is a diploid anther, in the other it takes place within the 25- 
chromosome anther where the metabolism of the surrounding tapetal cells 
may not be the same. The question of whether these differences could be 
responsible for a difference in pollen-tube growth remains unanswered by 
these experiments, since we are only concerned with pollen which had 
matured in the anthers of a 25-chromosome plant. We can only state our 
belief that the effect of the cytoplasm contributed from the microspore 
mother cell is relatively insignificant, since there is this prolonged inter- 
vening period of development before a pollen grain is matured during 
which the influence of the contained extra chromosome cannot be eliminated 
in either case, and that the adverse influence of the tapetum and the sur- 
rounding tissues of a 25-chromosome plant, if any, is probably not as great 
as the difference which may be found in the nutritive conditions existing 
at times among different plants, or among different flowers on the same 
plant. 

The role of the mechanism of gametophytic selection (during pollen- 
tube growth) is that of imposing a severe censorship upon any new chromo- 
somal types. Deficiencies due to the absence of a half or more of any 
chromosome are eliminated within the anther, and give rise to aborted 
pollen grains. Additions of one or more chromosomes are usually not 
eliminated until after pollination, where they tend to interfere with the 
proper functioning of the male gametophyte at germination or during pollen- 
tube growth. Thus it has been found that in self pollinations and in routine 
crosses the male transmission of extra chromosomes is practically negligible 
( 2 , 3 )- 
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On the whole, the effect of these internal selective processes is to censor 
any chromosomal innovations; to sift out nearly all chromosomal types and 
perpetuate only the diploid condition so that from 67-97% of the progeny 
of the various 25-chromosome plants result in 2 n offspring. 

Summary 

1. The necessary conditions for making tests of pollen-tube growth in 
2w and 2n + i plants are described. 

2. Comparable tests of pollen-tube growth employing the pollen of 
2 n + i plants on styles of 2n plants are described and compared for 12 
primaries and 14 secondaries. 

3. The interference of extra chromosomes with pollen-tube growth 
differs considerably for the various chromosomes, and is independent of the 
size of the extra chromosomes. 

4. The causes of non-transmiswsion of extra chromosomes through the 
pollen may be classified under: (i) non-germination of the n + i pollen; 
(2) cessation of growth with swelling and bursting of ^ + i pollen tubes 
within the style; (3) conditions more or less intermediate between (i) and 
(2); (4) slow growth of w + I pollen tubes; (5) conditions intermediate 
between (4) and (i), or (4) and (2). 

5. The tests indicate that six of the twelve chromosomes of primaries 
are not pollen- transmissible as extras under any known conditions, one 
other chromosome might possibly be transmitted under very exceptional 
conditions, and five of the chromosomes of primaries may be tiansmitted 
as extras. 

6. The pollen-transmissibility of a number of the secondaries increases 
the list to 7 or 8 chromosomes which may be transmitted either directly 
through their primaries or indirectly through secondaries. 

7. The slow-growing pollen tubes with extra chromosomes range in 
growth rate between 1/3 and 3/4 of the rate of n pollen tubes. 

8. Gametophytic selection modifies greatly the proportions of the 
2 n + i types obtained in male back-crosses, and may be controlled through 
a wide range by several methods: {a) restricted pollinations; {b) selection of 
seeds from lower half of seed capsule; {c) splicing of styles after excising 
and discarding the longer tubes. 

9. There is a possibility that among the pollen grains arising from non- 
disjunction in microsporogenesis, the primaries Gl, Ck, Me, Rd, and Pn might 
occasionally give rise to 2n + i zygotes which might appear as spontaneous 
mutants. 

This cooperative investigation was made possible by grants from the 
Joseph Henry Fund of the National Academy of Sciences. 

Universitv OF Illinois, 
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A NEW PLAGIOCHASMA FROM TEXAS ^ 

Alexander W. Evans 
(Received for publication February i6, 1932) 

Two species of Plagiochasma, P. rupestre (Forst.) Steph. and P. Wrightii 
Sulliv., have been reported from the United States, P. nipestre being known 
from New Mexico and Arizona and P. Wrightii from Oklahoma, Texas, and 
Arizona.^ It is now possible to add a third species to this short list. This 
species, which is apparently undescribed, is based on material collected by 
Professor F. McAllister at Hamilton’s Pool, about thirty miles west of 
Austin, Texas. It may be characterized as follows: — 

Plagiochasma cuneatum sp. nov. 

Frons ligulata, 0.75--1 cm. longa, 3-4 mm. lata, viridis, subtus purpurea, 
plana sed siccando involuta, rare dichotoma, ramos ventrales paucos 
proferens, articulata, articulis cuneatis; cellulae epidermidis tenerae, trigonis 
parvis; pori magni, elevati, a cellulis 4-10 seriatis circumdati, parietibus 
radiatis incrassatis; squamae ventrales lunulatae, purpureae, appendiculis 
saepe 2-3, subulatis, longe acuminatis: flores monoid, terminales in articulis 
frondis; carpocephala longe pedunculata, bi- vel trilobata, lobis brevibus, 
plerumque rotundatis; sporae 95-110^, fusco-flavae, grosse reticulatae; 
elateres 200 m longi, fusco-rufi, bi- vel trispiri. 

Thallus bright green above with a narrow purple border, deep purple 
below, at least in the older parts, and often showing a greenish metallic 
iridescence when dry, plane or nearly so above when moist, the wings 
strongly incurved when dry and more or less concealing the upper surface, 
strap-shaped, rarely forking, occasionally branching ventrally, on fruiting 
plants divided into joints formed by apical innovations, mostly 0.75-1 cm. 
long and 3-4 mm. wide, the thickness about one-fifth as great as the width, 
slightly crispate along the margin; epidermis colorless, composed of thin- 
walled cells, averaging about 21 // in diameter, with small but distinct, 
occasionally coalescent trigones having straight or slightly concave sides; 
cuticle very finely verruculose; pores conspicuous and distinctly elevated, 
surrounded by four to ten, usually seven or eight, radiating series of cells 
with two or three cells in each series, radial walls distinctly thickened; 
aeriferous layer about five-eighths the thickness of the thallus, the upper 
half much greener than the lower and showing air-spaces about twice as 
wide as the lamellae ; cells containing oil-bodies occasionally present among 
the green cells as well as in the compact ventral tissue but lacking in the 
epidermis; ventral scales lunulate, slightly overlapping and covering over 
the ventral surface of the thallus, irregularly sinuate or sinuate-dentate 
along the margin, composed of irregular cells with strongly pigmented, 
almost opaque walls, the cells containing oil-bodies shorter than the others 
and with unpigmented walls; scale-appendages one to four (usually two or 
^ Contribution from the Osborn Botanical Laboratory, Yale University. 

- See Evans, N. Am. Flora 14: 41, 42. 1923. 

' ^^7 ■ 
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three) in number, mostly purple but sometimes becoming bleached toward 
the tips, subulate to narrowly subulate, long-acuminate, the apex usually 
formed by a row of three to five cells, margins entire or rarely with one or 
more short cilium-like teeth : inflorescence normally monoicoiis: inflorescence 
of each sex at first terminal, the thallus (almost always) continuing its 
growth by means of an apical innovation and thus acquiring a jointed ap- 
pearance, the boundaries between the joints cuneate and pointing back- 
wards; peduncle of carpocephalum mostly 3-5 mm. long, deep purple on 
the outside, colorless within; carpocephalum with a low apical deprcvssion, 
mostly two- or three-lobed, the lobes bluntly pointed or rounded ; scales of 
carpocephalum linear-lanceolate, entire; spores 95-110/1 in diameter, deep 
golden brown (in transmitted light), covered with a coarse reticulum, the 



Text Figs. 1-5. Plagiochasma cuneahm Evans. Fig. i. Epidermal pore, X 300. 
Figs. 2-5. Ventral scales, X 27. The figures were all drawn from the type-material. 

spherical face usually with eleven to thirteen meshes and each triangular 
face with four or five, outermost layer of spore-wall minutely verruculose, 
the verruculae in the form of rods or short ridges, the latter sometimes more 
or less coalescent and forming a very delicate and often incomplete network; 
elaters mostly 200-300 ^ long and 10-12 m in diameter, reddish brown, 
gradually attenuate, spirals two or three, more or less connected by longi- 
tudinal bands of thickening, the thin places in the wall somewhat pigmented. 

On soil, Hamilton's Pool, Texas, F, McAllister, February, 1931. Type 
in the herbarium of Yale University. 

The epidermal pores of P, cuneatum (text fig. i) are more conspicuous 
than in many species of the genus and, under the lens, stand out as white 
dots in a green background. The cells surrounding the opening are usually 
in seven or eight radiating rows, with two or three cells in each row. In 
P . Wrightii and P. Landii Evans, with which P. cuneatum might perhaps be 
confused, the number of radiating rows is usually six. The pores of P. 
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cuneatum thus tend to be more complex than in these two species. They 
resemble, in fact, the large pores of P. intermedium Lindenb. & Gottsche, 
in which the number of radiating rows is usually eight, and the resemblance 
is increased by the pronounced thickening of the radial walls. 

The appendages of the ventral scales (text figs. 2-5) exhibit a number 
of distinctive features. In most species of Plagiochasma the number of 
appendages is usually one or two, but in P. cuneatum there are usually two 
or three appendages, although the number varies from one to four. The 
appendages of the youngest scales bend back over the growing-point and 
are usually deeply pigmented with purple. Their slender, subulate form, 
tapering to a long point, will at once distinguish them from the ovate and 
abruptly pointed appendages of P. Wrightii. They resemble, in fact, the 
appendages of P. Landii, but these are usually borne singly and tend to be 
much broader. 

The spores of P. cuneatum (text figs. 6 and 7) are deeply pigmented and 
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Text Figs. 6 and 7. Plagiochasma cuneatum Evans. Fig. 6. Spore, inner view, show- 
ing the three plane faces, X 470. Fig. 7. Spore, outer view, showing the spherical face, 
X 470. The figures were both drawn from the type- material. 

show the coarse reticulation which is characteristic of the genus as a whole. 
The ridges of the reticulum, which represent folds of the outer wall-layers, 
are rather broad at the base and thin out to rounded or fairly sharp edges, 
the latter being found along the wing of the spore and along the three con- 
verging lines bounding the triangular faces. The meshes, in consequence, 
expand outward from a relatively small base. On each of the three tri- 
angular faces there are usually four meshes, the three peripheral occupying 
the base of the triangle and the fourth, or apical, mesh the apex. This 
fourth mesh, however, Is often subdivided by a broad low ridge into two 
meshes. When the division is complete, the bases of the meshes are visible 
as two small elliptical areas; when the division is incomplete, the elliptical 
areas sometimes coalesce to an hour-glass-shaped area; when there is no 
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division the base of the fourth triangle appears as a single elliptical area. 
The spore illustrated (text fig. 6) shows a complete division of each apical 
mesh and brings out the contrast in size between the base of a mesh and its 
outer boundary. The bases of the peripheral mcvshes are not visible, being 
concealed by ridges. The meshes of the spherical face of the spore form a 
central group surrounded by a peripheral series. In its most regular devel- 
opment the central group, as shown in text figure 7, includes three meshes, 
but four are sometimes present; the peripheral series usually includes nine 
meshes, but this number may be reduced. The spore illustrated, for 
example, shows only eight peripheral meshes. The peripheral meshes of 
the spherical face do not correspond with those of the triangular faces but 
alternate with them. This becomes evident if the two figures are compared. 
In text figure 6 the blunt projections at the circumference correspond with 
the ridges which form the lateral boundaries of the peripheral meshes, while 
in text figure 7 the projections are midway between these ridges. This is 
true except in the case of the large mesh on the lower side of the figure, 
where two projections are present. The three angles of the spherical face, 
which correspond with the ridges separating the three triangular faces, are 
scarcely distinguishable by their form from the other projections. Some- 
times, however, the angles are marked by minute perforations through the 
outer wall-layer, and a perforation of this character is shown on the upper 
side of the figure. 

The spores of P. cuneatum, which average about 100 /x in diameter, are 
considerably larger than those of P. WrigUii and P. Landii, which average 
only 75-80 They are also more deeply pigmented, and the same thing 
is true of the elaters. 

A remarkable feature of P. cuneatum, which will at once distinguish the 
species from all the other American representatives of the genus, is the 
division of the fertile thallus into a series of joints. Each joint tapers to a 
point at the posterior boundary and shows a similar indentation at the 
anterior boundary. At the bottom of the indentation an inflorescence, 
either male or female, is situated. This condition is apparently caused by 
a temporary cessation of growth induced by the development of each 
inflorescence. When growth is resumed, perhaps by means of the old 
apical cell, perhaps by the differentiation of a new apical cell, a joint is 
formed. In some cases the pointed end of a joint, although completely 
filling the indentation of the previous joint, has no organic connection with 
it except at the very narrow base. Often, however, there is a more extensive 
coalescence between two joints, the region of coalescence being marked by 
a shallow groove. The groove may extend to the margin of the thallus or 
come to an end at any intermediate point. In extreme cases no groove is 
present, and the tissues on both sides of the inflorescence are perfectly 
continuous. This is, of course, the usual condition in Plagiochasma. 

A jointed thallus in the present genus is by no means unusual and was 
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noted many years ago by Nees von Esenbeck^ in P. cordatum Lehm. & 
Lindenb. of India and P. peruvianum Nees & Mont, of Bolivia and Peru. 
In many cases the joints have nothing to do with inflorescences and occur 
in sterile thalli, but Goebel has figured a plant of P. cordatum in which a 
joint follows a male inflorescence.^ The phenomenon, in fact, seems to be 
more frequently associated with male inflorescences than with female, and 
only one species has heretofore been described in which a joint regularly 
follows a female inflorescence. This species is the xerophilous P. articulatum 
Kashyap of India.^ It was based on material collected in the Himalayas 
but has been recorded also from lower altitudes. P. articulatum is known 
to the writer from specimens collected in the Mussorie region by R. S. 
Copra and distributed by Verdoorn.® These specimens, together with 
Kashyap’s descriptions and figures, show that P. cuneatum and P. ariicu- 
latum are closely related but not synonymous. Aside from their jointed 
thalli they agree in having similar epidermal cells and pores and similar 
ventral scales, the latter being characterized in both by the possession of 
slender, pointed appendages, usually two or three in number. The scales 
of P. ariiculaitim, however, are less deeply pigmented than those of P. 
cuneatum^ the cells containing oil-bodies are less numerous, and the appen- 
dages are more abruptly pointed. The spores yield even more important 
differences. Those of P. articulatum measure only 6o~8o ix in diameter, 
their color is a pale yellowish, and they are bordered by a distinct wing. 
According to Kashyap the surface is reticulate-lamellate, but the reticulum 
is poorly developed and indistinct in Copra’s specimens. 

The figures of the spores illustrating the present paper were prepared by 
Mrs. Rose Meyrowitz Freeman of Baltimore, and the writer would here 
express to her his sincere thanks. The figures were drawn from microscopic . 
mounts supplemented by plasticine models. 

Yale University, 

New Haven, Connecticut 

^ Naturg. der Europ. Leberm. 4: 36. 1838. 

Organographie, 2nd ed. /. 66q. 1915. 

''New Phytol, 13: 320. /. 8. 1914; Liverworts of the western Himalayas and the 

Punjab Plain 75. PI. 16, /. i~j. 1929. 

^ Hep. Sel. et Crit. No. 4. 1930. 



LIGHT IN RELATION TO THE SEED GERMINATION OF 
MIMULUS RINGENS L.^ 

Selar S. Hutchings 

(Received for publication February i6, 1932) 

Introduction 

In the vast majority of the seed plants, all that is necessary to induce 
germination in mature seeds Is to expose them to suitable conditions of 
moisture, temperature, and air. With some seeds, however, exposure to 
these so-called '‘normal conditions for germination” is insufficient. In 
particular, as has long been known, there are certain seeds in which germi- 
nation will take place only in the presence of light, and there are many 
others which germinate much better in the light than in the dark. 

Attention apparently was first called to this phenomenon of light sen- 
sitiveness in seeds by Caspary (i860). The conclusions which he drew, 
however, were disputed by Nobbe (1876, 1882), who maintained that light 
has little or no effect on germination, and by Pauchon (1880), who sup- 
ported the views of Nobbe. But Caspary’s findings were upheld by Wiesner 
(1878), Stebler (1881), and Cieslar (1883); and subsequent work by various 
investigators has only served to increase the known number of light-sensitive 
seeds. The most extensive contributions on this subject have been made 
by Kinzel (1907, et seq.), whose studies, carried on over a period of twenty 
years, have considered the effects of both light and temperature conditions 
on seed germination. As a result of his experiments with fully 1200 dif- 
ferent plants, a large number of light-sensitive seeds have been brought to 
attention. 

The present investigations have to do with the germination of Mimtilus 
ringens L., the monkey flower, a plant native to the eastern United States, 
where it is widely distributed in wet grounds. Kinzel (1920) has already 
recorded the failure of the European Mimulus luteus L. to germinate in the 
absence of light. His observations for this species covered a period of three 
years, at the expiration of which, upon being transferred from darkness to 
sunlight, the seeds showed a prompt germination of 99 percent. A similar 
dependence on light for germination in Mimulus ringens was first noted by 
Mitchell (1926); and her results have been confirmed by Diller (1930), 
whose experiments “show conclusively that light is a limiting factor in the 
germination of this species.” 

In the studies here described the author has undertaken to ascertain, 
somewhat more exactly than has heretofore been done, the extent to which 

^ Contribution from the Osborn Botanical Laboratory, Yale University. 
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light acts as a limiting factor in the germination of Mimulus ringens, and 
whether or not the influence of light in this respect may be replaced by that 
of some other environmental factor. 

. Materials and Methods 

The seeds used in the present studies were collected in the vicinity of 
New Haven, Connecticut, during the latter part of September, 1930. After 
being dried and cleaned, they were placed in a bottle and stored dry at a 
temperature about 10^ to 15® C. For purposes of experiment the seeds 
were counted out in lots of 200, as needed. At the outset some difflculty 
was experienced in counting the seeds, due to their exceedingly small size; 
but this was overcome by the following procedure. The seeds to be counted 
were first scattered loosely on a sheet of paper which had been ruled into 
one-eighth -inch squares. Then, beginning with a vertical row of squares 
on the left and working toward the right, all the seeds were counted in a 
series of squares until the required number had been secured, after which 
the surplus seeds were scraped off with a knife and the lot recounted. By 
this method, and with the aid of a reading glass, it was possible to count off 
successive lots of seed with both speed and accuracy. 

The germination experiments were carried out in petri dishes. These 
were first thoroughly washed with soap and water, rinsed, and dried, after 
which four filter papers were placed in each and the whole steam-sterilized. 
The seeds to be germinated were then carefully scattered over the surface 
of the filter paper, this being first moistened with distilled water. More 
water was added during the counse of the experiment, whenever needed, to 
maintain proper moisture conditions. No difficulty was experienced with 
molds, except in one case where the seeds had been allowed to after-ripen 
in an ice box for five months. 

The experiments here described were conducted, for the most part, 
in the greenhouses of the Marsh Botanical Garden, Yale University, 
between the months of September, 1930 and May, 1931, inclusive. For 
contrasting the germination behavior of seeds in light and darkness, use 
was made primarily of the “light and dark box” described by Differ (1930). 
This box (text fig. i) comprises two chambers, one open to light and the 
other not, which are so constructed and arranged that environmental con- 
ditions within the two are essentially identical in every respect except 
illumination. The “dark box,” made of copper, is housed within a large 
glass case of which it occupies about one-half, the unoccupied half com- 
prising the “light box.” Throughout the course of the present experiments 
the entire case was screened from direct sunlight by a single thickness of 
fine cheesecloth, thus obviating any possible effects of differential heating 
and at the same time creating diffused light conditions in the light box, 
which accordingly is hereafter designated the “diffused light box.” 

In certain experiments use was made of a glass electric oven which was 
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set up alongside the “diffused light and dark box” and, like the latter 
screened from direct sunlight by cheesecloth. Temperatures in this “dif- 
^sed light oven were maintained at 32° C. during the daytime; other- 
w^e the conditions were similar to those in the “diffused light box.” 
ar oven conditions were obtained by wrapping the petri dishes in 


Text Fig. i. '‘Light and dark box ” used for germination of seeds in light and darkness. 

black paper and placing them in the “diffused light oven ” Various oth^r 
SXS' used ,i„ de described i„ c„„„ec,L wdb ' .be":ZLtS 
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ever takes place in darkness, while in diffused light the germination is 
greatly retarded, the average total germination here being 29.2 and 42.2 
percent at the end of 8 days and 3 weeks respectively, with no further 
increase at the end of 6 months; and this in comparison with 49 percent 
germination in direct sunlight within 8 days with complete (100 percent) 
germination in ii days. (4) Absence of light, however, does not impair 
germination capacity. The transfer of all ungerminated seeds from the 
diffused light and dark boxes to bright sunlight, after a period of 6 months, 
resulted in 100 and 99.2 percent germination within 5 days. 

Effect of Light Intensity on Germination 

For this series of experiments use was made of a wooden box two feet 
wide by two high by eight long, light-proof but well ventilated and with a 
door extending horizontally across the front (text fig. 2) . The box was painted 



Text Fig. 2. “ Differential illumination box” used in determining effect of differences 
in light intensity on germination ; outside view. 

white on the outside, to avoid overheating, and black within, to prevent 
selective absorption of light. The interior of the box (text fig. 3) was 
divided crosswise into four compartments which were equipped, at the top, 
with electric light bulbs of different light intensities. The light intensity in 
each compartment was measured by placing a foot candle meter at the 
surface of the petri dishes containing the seeds. For the various compart- 
ments the following light intensities, measured in foot candles, were thus 
obtained: 6.0, 3.5, 1.5, 0.64, and 0.16, (The fifth figure was secured by 
varying the distance of the dish from the light in one compartment.) 

Table i shows the behavior of seeds exposed to these five light intensities 
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Table i. Germination Percentage of Mimulus Seeds under Various Foot Candle Light 
Intensities over Various Periods of Time 


Days 

6.00 F.C. 

.3..?0 F.e. 

T.50 F.C. 

0.64 F.C. 

0.16 F.C. 

0 

0 

0 

0 

0 

0 

5 

52.5 

22.0 

I.O 

— 

— . 

7 

60.0 

25-5 

2.5 

— 

— 

10 

64-5 

32.5 

3.0 

— 

— 

15 

69-5 

34-0 

10.5 

— 


34 

72.5 

34-5 

11*5 

— 


47 

75-5 

— 

— 

— 

— 

62 

— 

— 

— 

— 


Totals 

75-5 

34-5 

11.5 

0 

0 



continuously for a period of more than two months. At the two lower 
light intensities there was no germination. At the three higher intensities 
the total germination was roughly proportional to the intensity of the light 
to which the seeds were exposed, viz., 75.5 percent at 6,0 F.C., 34.5 percent 
at 3.5 F.C., and 11.5 percent at 1.5 F.C. These rcvsults are in harmony 
with those of Lakshmana (1925) for Ly thrum salicaria L. At the end of 
this experiment, all ungerminated seeds were transferred to bright sunlight, 
where every lot showed a germination capacity in excess of 92 percent. 

Effect of Short Exposures to Light on Germination 
According to various investigators, germination may be induced in 
many light-sensitive seeds by a very brief exposure to light. Thus Raci- 
borski (1900) found that tobacco seeds, after being soaked in water, germi- 
nate much more readily if exposed to daylight for from one to five hours 
than if kept in the dark. In the same way, Lehmann (19x8), by exposing 
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fully imbibed seeds of Ly thrum salicaria for one-tenth of a second to a 730 
candle-power lamp, at a distance of one meter, was able to secure 50 percent 
germination in the dark within 24 hours, whereas but very few of the seeds 
germinated in the dark without such exposure. In seeds of this description 
light would seem to act merely as an initial stimulus in germination : in the 
opinion of Lehmann, it serves to institute certain chemical changes. 

In the case of Mimulus ringens, three series of “minimum exposure” 
experiments were carried out. In the first, which was continued over a 
period of two months, different lots of seed sown on moist fflter paper were 
exposed to sunlight for different lengths of time daily throughout the course 
of the experiment, namely for 5, 10, 15, 30, and 45 minutes; and for i, 2, 
and 3 hours, respectively. The results showed (i) no germination in two 
months, following exposures of one hour or less; (2) slow and incomplete 
germination folio whig a daily exposure of 2 hours — total germination 6 
percent at the end of two, and 89 percent at the end of six weeks; (3) some- 
what more rapid but still greatly retarded germination following a daily 
exposure of 3 hours — total germination 25 percent at the end of two, and 
97.5 percent at the end of six weeks. Upon transfer to full sunlight at the 
conclusion of the experiment, all the above lots of seeds showed a total 
germination in excess of 94 percent. 

In the second series of “minimum exposure” experiments, seeds on 
moist filter paper were exposed to ordinary daylight conditions continuously 
for varying lengths of time, namely i, 2, 3, 4, 5, 6, and 7 days, respectively, 
thereafter being placed in the dark box to germinate. The results, in brief, 
were as follows, (i) Seeds exposed to light for three days or less failed to 
germinate within the thirty days over which the experiment was continued. 
(2) Seeds expOvSed to light for four days or more germinated more or less 
in proportion to the length of the exposure. Thus those which had been 
exposed 4, 5, 6, and 7 days, in order, germinated i.o, 5.5, 8.5, and 14,5 
percent respectively on the eighth day. They showed total germinations 
of 2.5, 8.0, I I.o, and 16 percent respectively on the ninth day and of 4.5, 
9.5, 12.0 and 17.5 percent respectively on the eleventh day. (3) None of 
the seeds showed any signs of further germination activity after the eleventh 
day, with the exception of the seeds which had been exposed to light for 7 
days. These showed a total germination of 19.5 percent at the end of the 
fourteenth day. All seeds were allowed to remain in the dark until the end 
of the thirtieth day, but no further germination occurred. 

In the third series, six lots of seeds were placed on moist filter paper in 
the dark box. Each successive lot was then exposed to sunlight for one 
day as follows: Lot 1 was exposed to sunlight the second day, and then 
returned to the dark box; lot 2 was exposed on the third day and returned 
to the dark box; lot 3 was exposed on the fourth day, and so on, this pro- 
cedure being followed until all six lots had been exposed to the sunlight for 
one day each. Six lots of seeds similarly treated were exposed to the sun- 
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light for two-day periods; and another series of six lots for three-day periods. 
No germination occurred in any of the seeds exposed to sunlight for periods 
of three days or less. 

Effect of After-ripening, at Low Temperatures, on Light 

Sensitiveness 

The importance of after-ripening as a prerequisite to germination in 
many seeds is well established, and it has been maintained by several 
investigators that the peculiarities of light-sensitiveness exhibited by 
certain seeds may likewise be influenced by after-ripening. Kuhn (1916), 
for example, found that while immature seeds of the Amarantaceae are 
light sensitive, the fully ripened seeds will germinate only in the dark; 
while Niethammer (1925) makes the general statement that the sensitivity 
of seeds to light decreases with increase in age. Gardner (1921), on the 
other hand, states that the seeds of Verbascum thapsus L. retain this pecu- 
liarity as long as they are viable. 

With a view to determining the possible effects of after-ripening on the 
light-sensitiveness of Mimulus ringens seeds, two sets of experiments were 
carried out. In the first a considerable quantity of seed was placed on 
moist filter paper, in petri dishes, about two weeks after collection (Oct. 9) 
and kept in an ice-box at a temperature of 4® C. for four and a half months 
(until Feb. 28). These seeds were inspected from time to time and distilled 
water added, as needed, to maintain proper moisture conditions. At the 
end of this period several lots of 200 each of the after-ripened seeds were 
sown in petri dishes in the usual manner, and then exposed to three different 
environmental conditions, with results as follows: (i) cultures placed in 
bright sunlight in the greenhouse germinated 97 percent in one week; (2) 
cultures placed in the dark box failed to germinate in six weeks, as was also 
the case with (3) cultures exposed to “dark oven” conditions. Both of the 
latter sets of dishes showed germination of 96 percent or more, however, 
when transferred to bright sunlight at the end of six weeks exposure to 
darkness. 

In the second set of experiments two series of seeds were sown on moist 
filter paper in petri dishes. One series was placed outside a north window 
and the other series outside a south window for a period of two and a half 
months during the winter (December 4~February 28). The seeds in both 
sets were exposed to temperatures which were almost continuously below 
freezing with the difference that the first set, being in the north window, 
was protected from direct sunlight to which the second set, in the south 
window, was exposed almost daily. Cultures from both sets, when trans- 
ferred to bright sunlight in the greenhouse on February 28, germinated 
95~99 percent within eleven days; but the two behaved somewhat differently 
when exposed to dark box and dark oven conditions. Seeds from the north- 
facing exposure showed no germination in either dark box or dark oven, 
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within a period of six weeks. Seeds from the south-facing exposure, on the 
other hand, gave 4 percent germination in four days when placed in the 
dark box, and 2 percent germination in the same period when placed in the 
dark oven. All seeds in these last two series germinated in excess of 91 
percent when transferred to sunlight at the end of the six-weeks period. 

Without further experiment it is impossible to assign a definite sig- 
nificance to the differential behavior just described; but it may be inferred 
that exposure to direct sunlight, under temperature conditions otherwise 
unfavorable to germination, probably produces some effect which in some 
way and in some degree acts subsequently to overcome the inhibiting 
influence of darkness on seed germination. That the observed behavior of 
the south-exposed cultures is not to be ascribed to more favorable tempera- 
ture conditions would seem evident from the fact that inspection of these 
cultures during their outdoor exposure invariably showed the filter paper to 
be more or less coated with ice crystals. 

Effect of Alternating Temperatures on Germination 

Liebenberg (1884) and Haack (1912) found that germination in certain 
light-sensitive seeds could be markedly stimulated by exposure to alternating 
high and low temperatures. In the author’s experiments, cultures of Mim- 
ulus seed, kept in the dark, were exposed alternately each day to tem- 
peratures of 4° C. (for 8 hours) and 25° C, (for 16 hours), for a period of 
more than two months. The net result was that only one seed out of 1200 
germinated. Parenthetically it is of interest to note that this was the 
only Mimulus .seed, out of more than 45,000 tested during the course of all 
the experiments, which germinated in the dark without first being exposed 
to light of some quality or intensity. All of the above seeds germinated in 
excess of 90 percent when finally exposed to sunlight. 

Effect of High Temperatures upon Germination 

Jonsson (1893) was able to induce various light-sensitive seeds to ger- 
minate in the dark by exposing them to relatively high temperatures, and 
similar results have been achieved by Lehmann (1909, 1911, 1912) and 
Ottenwalder (1914). Bates (1917) states that “For germination either in 
greenhouse, nursery, or field . . . it is an established fact that light is not 
required. Light itself cannot affect the seed or seedling which is covered 
by soil or litter and can only act through the agency of soil temperature.” 

In the case of Mimulus ringens^ attempts to induce germination in the 
dark by raising the temperature have proved unsuccessful. It is possible 
by this treatment, however, to induce increased germination in diffused 
light. For example, two lots of seed started in the diffused light box on 
October 9th, showed 46.5 and 38.5 percent germination respectively on 
October 31st, when germination ceased. On November Toth, the lot which 
had germinated 38.5 percent was transferred to the diffused light oven, 
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where the total germination increased to 95.5 percent within four days. 
Two other lots of seed were started in the diffused light box and diffused 
light oven respectively on February 20th. On March 17th, the former lot 
showed 26.8 percent germination, the latter 90 percent. All ungerminated 
seeds in both series, when transferred to bright sunlight on April 12th, gave 
a total germination in excess of 90 percent. In the germination of Mimulus 
ringens seed it seems clear, therefore, that the inhibiting effect of insuf- 
ficient light can be offset by favorable temperature conditions, but only 
within certain relatively narrow limits. 

Effect of Various Other Conditions on Germination 

Krause (1901), Kinzel (1909) and others have listed many non-aqiiatic 
plants whose seeds are capable of germinating under water, and it Is worthy 
of note that Mimulus ringens belongs in this category. On a basis of several 
experiments, it can be stated that the germination behavior of Mimulus 
seeds, when submerged in water, differs but little from that of seeds sown 
on filter paper. In one case, for example, within a period of one week 
submerged seeds gave a germination of 99 percent in sunlight, 2 percent in 
the diffused light box, and 48.5 percent in the diffused light oven, these last 
two figures being raised to 34 and 98.5 percent, respectively, at the end of 
six weeks. In no case, however, was submergence effective In causing 
germination to take place in the absence of light. 

Hard or impermeable seed coats are recognized as a cause of delayed 
germination in many seeds, and it has been found by Kinzel (1907-1909), 
and Lehmann (1909) that germination in the dark can be induced in certain 
light-sensitive seeds by puncturing the seed coats. Seeds of Mimuhis 
ringens so treated showed no reaction in darkness, although the seeds 
germinated 80 percent when transferred to sunlight after six weeks in the 
dark oven. 

The use of certain mercuric and other compounds has been reported as 
variously stimulating seed germination. For purposes of experiment three 
lots of seed were treated for 12 minutes each with a quarter percent solution 
of commercial ^‘semesan.” In one of these lots the seed coats were first 
broken; in a second the seeds were first soaked in water for one month; in 
a third the seeds received no preliminary treatment. Considered in order, 
they showed germination of 58, 64.2, and 64.8 percent in bright sunlight, 
but no germination in either the dark box or the dark oven. 

Gardner (1921) found that germination in darkness, in the case of certain 
seeds, was somewhat increased by treatment with hot water. Treatment 
for as short a time as 15 and 30 seconds with distilled water at 75° and 90° 
C., however, proved fatal in the case of 

Seeds sown on sand, when placed in sunlight, diffused light box, diffused 
light oven, and dark oven, gave results essentially identical with those for 
seeds sown on filter paper. 
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Summary 

1. Freshly collected seeds of Mimulus ringens are light sensitive and 
have practically a lOO percent germination capacity, or viability. Seeds 
which have been kept in dry storage for many months still retain their light 
sensitiveness and high viability. 

2. Absence of light does not impair the germination capacity of the 
seeds. Seeds which had been kept in the “dark box” for 6 months showed 
from 99.2 to 100 percent germination when transferred to bright sunlight. 

3. At low light intensities, the germination of Mimulus ringens seed is 
roughly proportional to the intensity of light to which the seeds are exposed, 
e.g. 75-5 percent in 6.0 foot candle, 34.5 percent in 3.5 foot candle, and 11.5 
percent in 1.5 foot candle light intensity. No germination was secured at 
a light intensity lower than 1.5 foot candles. 

4. Brief exposures to light do not stimulate the seeds to germinate in 
darkness. Seeds given daily exposures to sunlight of one hour or less, for a 
period of two months, did not germinate. With daily exposures of two 
hours, germination is slow and incomplete, becoming both more rapid and 
more complete with increased exposure. 

Seeds exposed to sunlight for three days or less failed to germinate and 
seeds exposed for four days gave very low germination, while seeds exposed 
for progressively longer periods showed correspondingly greater percentages 
of germination. 

5. After-ripening at low temperatures, both in the dark at 4^^ C. and 
out-of-doors in a north-facing exposure, was insufficient to stimulate ger- 
mination in darkness. Seeds after-ripened out-of-doors at low tempera- 
tures, but exposed to sunlight, gave 4 percent germination in four days 
when transferred to the dark box and 2 percent in the dark oven. 

6. Light can be replaced by temperature within certain limits, but 
increased temperatures alone do not induce germination in darkness. 
Seeds in diffused light gave somewhat greater germination when the tem- 
perature was increased to about 32° C. 

7. Seeds submerged in water showed greater germination in the “dif- 
fused light box” and “diffused light oven” than seeds sown on filter paper. 
In no case, however, was submergence effective in causing germination to 
take place in the absence of light. 

8. Rupture of the seed coat did not induce seeds to germinate in dark- 
ness. 

9. Treatment of seeds with percent solution of semesan for 12 minutes 
reduced the percentage of germination and failed to induce germination in 
darkness. 

10. Seeds treated with hot water, at 75° and 90*^ C. for 15 to 30 seconds, 
were killed. 

11. No significant difference was found in the germination of seeds 
placed on vSand and those placed on filter paper. 
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A CYTOLOGICAL AND A GENETICAL STUDY OF PETUNIA IV. 
POLLEN GRAINS AND THE METHOD OF STUDYING THEM ’ 

Margaret C. Ferguson and Elizabeth B. Coolidge 
(Received for publication May 13, 1932) 

There is a growing tendency among taxonomists to consider pollen grains 
of diagnostic value. The significance of the morphology of pollen grains in 
reference to hybridity and to polyploidy has also been emphasized by 
students of plants especially during the past ten or more years. As recorded 
by the senior author (1924) the n and 2n number of chromosomes for the 
ordinary bedding petunias is 7 and 14 and to this was added, in 1928, the 
statement that Petunia axillaris (Lam.) B.S.P. (P. nyctaginiflora Juss.) is 
characterized by 7(n) and 14(2^) chromosomes. We would now add to this 
list the true-breeding species Petunia violacea LindL, and P. alba Hort. 
Petunia parviflora Juss. is the smallest flowered petunia yet described but 
has, contrary to our expectations, 9 and 18 chromosomes. These counts 
are based on division stages in microsporogenesis and in root tips. Skalifiska 
and Cuchtman (1927), Matsuda (1927), and Malinowski (1928) have re- 
corded 7(n) and 14(27^) chromosomes for P. violacea^ but as shown in a recent 
paper (Ferguson and Ottley, 1932) their studies were unquestionably based 
on unstable garden forms rather than on the true species. 

Pollen grains of three natural species, of one horticultural species, and 
of many cultivated strains, including polyploids and species hybrids, have 
been studied in large numbers and under varying conditions; but only those 
of P. axillaris (P14), P. violacea (P9), P. parviflora (P7), and two tetraploids 
of distinctly different origin will be discussed in this paper. Pollen grains 
in relation to chromosome number and to heterozygosity will be considered 
in a later paper. The large-flowered tetraploid was selected from a family 
of plants grown at Wellesley and known in our cultu^'^s as population 
one (Pi) ; while the small-flowered tetraploid was derived from seed collected 
in California. This plant is a representative of our population four (P4). 

Mounting Media 

The typical pollen groins oi Petunia are bilateral in origin. If observed 
in dry air, they are elliptical or lens-shaped in outline when the longer axis 
is perpendicular to the line of vision, that is, when the grains lie horizontally 
on the slide. Normally there are three “germ pores,” each located on a 
furrow which extends the entire length of the grain. These furrows are 
equally distant one from the other and give the grains a somewhat triangular 

^ Published at the expense of the author, out of the order determined by the date of 
receipt of the manuscript. 
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shape in end view. In polyploid plants of our cultures the pollen grains 
are as a rule very irregular in shape and may have four, five, or more germ 
pores each. 

vSo far as we have been able to determine all studies of pollen grains from 
the standpoint of the geneticist, and largely from that of the taxonomist, 
have been bUvSed on their appearance in an aqueous medium. When a 
medium containing even a trace of water is added to a dry mount of the 
typical pollen grains of Pettmia, the transition from elliptical to circular 
outline is so rapid that one watching very closely can not follow the change. 
As the aqueous medium advances across the slide the grains become instantly 
circular or, under certain conditions, more or less triangular in form. 

Grains were first studied and measured in the various media used by 
other writers : water, sugar solutions of different degrees of density, fuchsin, 
lactic acid, alcohol-water-glycerine combination, aqueous and alcoholic 
solutions of iodine, 10% glycerine, 45% acetic acid slightly colored with 
iodine, light green, and aceto-carmin. The results with these several media 
were in general the same; but in all of them one is studying and comparing 
iransformed pollen grains, not the true, normally shaped grains. Moreover, 
it gradually became clear that in certain of these media, perhaps in all, 
there is not only more or less swelling, depending in part on the medium; 
but in different mounts made from the same plant, or even from the same 
flower, the degree of swelling is not always the .same. What became still 
more disturbing was the fact that all grains in a given mount are not affected 
to the same degree by the aqueous medium, some grains swelling more and 
others less, some becoming circular, others triangular, and still others irreg- 
ular in outline. This is esjpecially significant in the species where the 
grains are normally very uniform in shape. Again, if one watches very 
clOvSely immediately after a mount is made, in some cases grains here and 
there may be seen emitting at one point, in the form of a fine spray, a 
portion of their contents. The ejected material is dispersed throughout the 
mounting medium and thereafter these partially emptied grains appear 
normal but they have undoubtedly contracted somewhat with the partial 
loss of contents. 

It thus became desirable, if the study of pollen grains of Petunia was 
to be of any precise value, to secure some medium which would preserve 
both the normal vsize and shape of the grains and give clearness of definition. 
In an attempt to find such a mounting medium, several substances were 
tried such as very concentrated glycerine jelly, heavy sodium silicate, etc., 
only to be registered as failures. Finally oily media were tested. Kerosene 
and nujol apparently preserved the grains without change or distortion in 
any way. At last a drop of xylol was placed on a dry mount and no change 
in the grains was apparent. If xylol why not a drop of Canada balsam in 

2 Jeffrey, ’14; East, '16; Blakeslee, '21; Sax, ’22; Blakesiee and Gartledge, '26; Brink, 
’27; Matsuda, '27; Melburn and Thompson, ’27; Wodehouse, '28; Sinotd, ’29; Renner, ’29; 
Dermen ,'30, and many others. 

. 46 ■ 
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xylol? This, too, was satisfactory. Enough balsam was then added to 
make the solution sufficiently heavy for permanent mounts. This more 
concentrated solution also preserved the grains in their normal dry-air form 
and size. In order to secure the best definition possible for purposes of 
photographing, a small amount of Bismarck brown was added; but this 
stain is not essential as the grains stand out with great clearnes in the 
uncolored balsam. As finally used for the records herein reported the 
solution was made up according to the formula previously published by the 
senior author (1932) with a slight change in the proportions used. It 
consists of one part very heavy balsam to four parts xylol. To this is 
added a few drops of a supersaturated solution of Bismarck brown in ab- 
solute alcohol. In at least one preparation for each strain studied, the 
pollen was scattered on the slide as evenly as possible, the cover glass placed 
lightly over the grains, and balsam carefully applied to its edges. This 
leaves the pollen grains at the center in air while those at the periphery of the 
mount are in the balsam surrounding the central air bubble. One can thus 
study side by side pollen grains from the same anther in air and in balsam. 
Pollen grains may be mounted in heavy balsam with impunity, but for 
studies in comparative size and form it is not advisable since in the heavier 
balsam a considerable percentage of the grains do not lie with their longer 
axes parallel to the slide but often assume an oblique or even vertical 
position. In studying pollen grains that are tetrahedral or normally more 
or less circular in outline there would naturally be ICvSS disadvantage in 
mounting them in an aqueous medium than when working with oblong or 
ellipsoidal grains. But, because of the lack of uniformity of the action of an 
aqueous medium on the various grains of different mounts or of a given 
mount, in no case can the results be as satisfactory as when an oily medium 
is used. 

The method of making pollen-grain mounts in balsam was worked out as 
described above and many preparations studied before Pope’s (1925) paper 
was read. He believes that the most valuable studies of pollen grains can 
be made only when mounted in dry air. He mounted pollen grains in bal- 
sam and says there was ‘‘no shrinkage in the grains.” But, he adds, 
“perhaps the most common artefact is the swelling of ellipsoidal, pyramidal 
and polyhedral grains in balsam producing in such cases a spherical shape.” 
He concludes that balsam mounts are therefore “worthless for making 
correct determinations.” As a result of our own studies covering more than 
three years and several hundred mounts, we are convinced that no ellipsoidal 
or elongated pollen grains ever become spherical in balsam if all moisture is 
excluded prior to and at the time of making the mounts. We shall refer to 
this again later. 
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Measurements 
In General 

A filar micrometer was used for all measurements. To eliminate, in so 
far as possible, errors due to such slight inaccuracies as may be present in 
the scale of a most carefully selected micrometer each record was made 
with one end of the grain, when mounted in balsam, or one side, if measured 
in an aqueous medium, at the zero line of the scale. The final movement 
of the scale when making records was always in the same direction, that is, 
from right to left. If necessary to move in the opposite direction in order 
to bring a grain into position, the zero line of the scale was carried beyond 
the grain and then brought back to it by the right-to-left movement. This 
greatly increases the time involved in making a large number of measure- 
ments, but enhances their accuracy. In general it did not seem practical to 
record measurements for less than one-tenth of a space. With the com- 
bination of lenses used, one-tenth of a space on the scale is equivalent to 
,45 ju. It was our intention to measure only those grains which lay parallel 
to the slide and free from all other grains at the ends or sides from which 
measurements were taken. In balsam mounts of ellipsoidal pollen grains, 
it may not always be clearly evident when a grain is lying .slightly oblique 
to. the line of vision rather than exactly perpendicular to it. If slightly 
inclined to the plane of the slide, a grain would measure somewhat shorter 
than its true length. The danger then is, even with the greatest care, that 
some grains may be recorded as too short, never as too long unless carelessly 
measured. 

During the more than eight years that we have grown Petunia axillaris 
(P14) it has remained always true to type, whether continued by selfings 
or by cuttings. For this reason and because it is a very strong species that 
flowers and fruits abundantly, we have taken it as our standard for pollen 
grain studies. If we wish to study the pollen grains of other strains of 
petunias or of other genera of plants, we first examine the pollen grains ot 
P14. If when mounted in balsam they have the characteristic form for 
that species under dry air conditions, we then proceed with our study of 
the pollen grains of the other forms. But if the grains of P. axillaris give 
the slightest suggestion of having broadened out, though perhaps far from 
assuming a spherical shape, further study is postponed until such a time as 
Pi 4 gives evidence that atmospheric conditions are correct for securing 
pollen grains of typical form. It is imperative that one should have some 
such standard when studying pollen grains of hybrids and polyploids or 
of any vspecies the form of whose pollen grains has not been previously 
determined. 

Preliminary measurements ® of pollen grains of various ages were made 
from material mounted in air, in balsam, and in aceto-carmin. Grains taken 

^ These were made by the junior author, but all measurements herein recorded were 
made by the senior author. 
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just before the anthers dehisced, at varying times between dehiscence and 
the fading of the flower, and from herbarium specimens which had been 
preserved under dry air conditions for more than a year gave practically 
uniform results. The only exception to this was found in the fact that 
there is apparently a somewhat increased tendency to swelling in an aqueous 
medium when the grains are taken prior to the opening of the anthers. In 
one herbarium specimen the grains were circular in outline, and in another 
many grains had germinated, frequently displaying long pollen tubes. In 
such cases the specimens had evidently been collected directly after a rain 
or a heavy dew. It is doubtless rarely, if ever, safe to draw conclusions 
regarding pollen grains from herbarium specimens only, as the taxonomists 
have so frequently done. It was our intention that all measurements 
recorded in this paper should be based on pollen grains mounted from two 
to ten hours following dehiscence. In a few cases, however, they were 
slightly older, but were never taken more than twenty-four hours after the 
anthers had opened. When placed in an aqueous medium they were 
measured immediately after mounting but no haste is necessary when 
mounted in balsam as the grains undergo no demonstrable change in this 
medium. For each strain studied mounts of pollen grains were made in 
both balsam and aceto-carmin from at least three difl'erent plants, and at 
various times during more than two years. One hundred measurements, 
never more, are recorded from a given mount. 

In Balsam 

The ellipsoidal pollen grains of the three species of Petunia under con- 
sideration have normally a maximum diameter slightly more than twice 
the length of the minor diameter, and taper in line with the longer axis to 
the more or less obtuse extremities or poles. Matsuda (1927) also reports 
that the pollen grains of Petunia are ellipsoidal in fresh material. In our 
studies it very early became apparent that in “fresh materiaF’ of diploid 
petunias the form of the grains varies from ellipsoidal or lens-shaped to 
bluntly tetrahedral to spherical depending on atmospheric conditions. In 
all the strains of Petunia and of other genera studied the grains, with the 
exception of the abortive ones, are, as already indicated, more or less 
spherical during rain, after heavy dews or when the air is heavily charged 
with vapor. The size of the pollen grains of Petunia in dry air or in balsam 
is variable within certain limits for each of the three species, the grains 
being small, medium, or large corresponding to the general morphology of 
the species (PI. XLV, figs, i, 2, 6, 7, 8, 9). For a comparison of the gross 
morphological characters of P. parviflora^ P. violacea, dcnd P. axillaris consult 
plates of the earlier paper (Ferguson and Ottley, 1932). 

From a consideration of table i it will be seen that there is a minimum, 
a characteristic, and a maximum length of grain for each species. By the 
expression “characteristic length,” we refer to the length shared by 25 
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Table i . Lengths of Pollen Grams of Petunia Measured in Balsam, 500 Grains for Each 
Species, The Width of One Space on the Micrometer is 4.5 Microns. P7, Petunia 
pannfiora Juss. Pg, P. violacea Lindl. P14, P. axillaris {Lam.) B.S.P. 


Poijulations Spaces on the Filar Micrometer 



O.S 6.U 7 7>I 72 7-3 7.4 7.5 
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I 2 12 8 10 12 20 30 

19 

45 

57 
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37 25 14 
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percent, more or less, of the 500 grains recorded for each species. The 
remaining 75 percent, more or less, of the grains are scattered irregularly 
between the two extremes. The record for each species as given in table i 
is compiled from five measurements, of one hundred grains each, based on 
five different mounts made at different times of the year and from three or 
more different plants. These sets of one hundred measurements each 
give, within certain limits, very variable results. For instance the extremes 
for P14 were registered in but a single count. The minimum length was 
recorded in the first 100 and the maximum in the third. The limits for both 
the fourth and fifth hundreds fell at spaces ii and 13, respectively. 

The results, expressed in microns, of 500 measurements for each of the 
three species recorded in table i and in text figure i are as follows: 



Minimum Length 

Maximum Length 

Average 

Length 

Length at 

Mode 

P7 

Pg 

P14 

6.8 spaces or 30.6^1 

8-5 “ “ 38 - 25 M 

10.6 “ “ 47.7 m 

8.5 spaces or 38.25 M 

11 “ “ 49 . 5 m 

13.4 “ 6o.3m 

35.2296M 

44.7 1 74 m 

55 -OI 7 M 

8 spaces or 36/4 
10 “ ‘'45 m 
12 54 M 


A more graphic presentation of the comparative lengths of the pollen grains 
in these species is given in text figure i. It will be noted that the average 
length in the three species may be slightly over or slightly the length 
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at the mode. It has seemed to us that the mere statement of averages alone 
is of little value in such a study. The extremes may be of such unusual size 
for a species as to affect the average very decidedly and, therefore, the 
average gives no true picture of the typical pollen grain. The differences 
in the characteristic lengths of the pollen grains, as indicated by the modes 
in text figure i, in passing from the species with the shortest to that with 
the longest grains, is in each case 2 spaces or 9 microns. 

The anthers of P. parviflora are small and contain comparatively few 
pollen grains. It often requires the pollen of several flowers for a single 
satisfactory mount. But the pollen is abundant in P. violacm and P. axiU 
laris and for both of these more than a thousand grains in addition to those 
recorded in table i were measured. The results of these additional meas- 
urements were in complete accord with the records given in the table. 
They were not incorporated in the table not only because of the difficulty 
of securing such a large number of measurements for P7, but because the 
larger number would greatly increase the length of text figure i and would 
give no additional information. It is this constancy of size within certain 
limits together with the uniformity of shape and of the character of exine 
that led Miss Ottley and the senior writer (1932) to ascribe diagnostic value 
to the pollen grains of these three species of Petunia, 

In Air 

Because of the tendency of pollen grains of Petunia to clump together 
in air and because of the differences of the refractive indices of balsam and 
of air, the grains may be much more easily and critically studied and 
measured in the former medium. Due to the difficulty of getting each of 
several grains sharply focused when photographing dry pollen grains 
mounted in air, they appear somewhat more obtuse at the poles than when 
photographed in balsam. (Compare figures i, 6, 8 with figures 2, 7, 9, 
Plate XLV.) But as a result of repeated measurements, when grain after 
grain is brought into careful focus on the scale of the micrometer, we have 
been able to demonstrate very clearly that graphs, for the length of grains 
for a given species, are practically identical when the measurements are 
based on two mounts, one in air and the other in balsam. At least they as 
nearly conform as do the records based on two different mounts in balsam. 
This conclusion is based on the measurement in air of more than 1000 
grains about equally divided among the three species. 

The pollen grains of tetraploid petunias adhere in little clusters in air 
and are too variable in shape to permit records based on measurements 
either in air or in balsam to be of any value. A variable amount of ellip- 
soidal grains may be scattered among the various forms, but they are rela- 
tively so few in number that a record of their lengths could be of no sig- 
nificance in a comparative study of pollen grains. The other grains assume 
almost every possible form. They may be lens-shaped with a slight dis- 



Text Fig* i. Graphs showing comparative lengths of 500 pollen grains in each of 3 
species of Petunia, Pollen grains mounted in balsam. Each space on the micrometer is 

4.5 microns. — — P. axillaris (La.m.) B.S.P. — ~ P. violacea Lindl, 

= P. parviflora ]ns 3 . 
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tortion on one side; they may be almost circular in outline with a rim 
suggesting a plate; or rectangular with cross markings suggesting an 
envelope; or tetrahedral; or elongated cones in outline. Frequently they 
suggest a half melon with one lengthwise slice removed (PL XLV, figs. 10, 
12). Naturally only a few of the variations in form can be shown in a 
single photograph including one percent, more or less, of the grains in a 
given mount. Such variations in form are undoubtedly due, as suggested 
by Hoar (1927), Woodworth (1929), Matsuda (1930) and others, to irregu- 
larities in microsporogenesis. We shall not discuss them further here as 
they are to be considered in a later paper. 

In Aceto-carmin 

We have spoken earlier of the tendency of pollen grains, normally 
uniform in shape, to vary in the degree of swelling, to avssume various forms, 
and even to emit a portion of their contents when mounted in an aqueous 
medium. A careful study of the conditions leads one to the conclusion 
that these irregularities are due to variations resident in the grains them- 
selves. Undoubtedly the grains in a given anther have not all reached the 
same degree of maturity at the time of dehiscence, especially as regards the 
thickness and the degree of cutinization of their walls. If the wall of a 
grain is only very slightly thinner or less cutinized than that of others it is 
correspondingly more elastic and would consequently permit of greater 
extension in the presence of water than would the thicker more heavily 
cutinized walls. This is especially pertinent to the pollen grains of poly- 
ploids and of certain cultivated diploids. In these the mature grains not 
only vary greatly in shape and size but in the thickness of their walls as 
well. The smaller grains often have proportionately thick walls in com- 
parison with the amount of their cytoplasmic content and may undergo 
no appreciable swelling. 

In his study of the pollen grains of Linaria genistifolia Mill, and other 
plants, Piech (1922) finds variations in form and in the thickness of the 
walls, and concludes that they are due in large measure to variations in 
external factors, especially of temperature and moisture. Kawecka (1926) 
also attributes the variations in pollen grains of Oenothera to environmental 
factors, in particular to cold. Temperature undoubtedly influences meiosis 
and indirectly the size and shape of the pollen grains. But it is probably 
equally true that the presence or absence of water during the growth and 
maturation of the pollen grains has a marked influence both on the walls and 
on the protoplasmic contents of the mature grains. 

The irregularity of behavior manifested by pollen grains in an aqueous 
medium may also be due, in part, to the degree of desiccation which the 
cytoplasm of the individual grains has undergone at the time the mount 
is made. It is not only possible but probable that pollen grains at the time 
most favorable for their dispersal contain no free water but only what 
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Lepeschkin (1930) calls ‘‘organic liquid.” It is clearly evident from their 
behavior in balsam that their walls are dry at the time of shedding. Fur- 
thermore, they may absorb sufficient moisture through the germ pores to 
Cciuse them to assume a spherical form and the exine remain unwetted. 
The pollen grains of P14 shown in figure 3, Plate XLV, were collected in 
the morning after a very heavy dew and mounted immediately in balsam. 
They did not swell in the balsam, as Pope (1925) asserts in his studies of 
pollen grains, for they were all spherical when placed on the slide, as revealed 
by an examination of them under the microscope before the balsam was 
applied. Furthermore grains from other anthers of the same flower and 
from other flowers collected at the same time and mounted at once in air 
w^ere spherical in form. These were allowed to remain uncovered on the 
slide in the dry air of the laboratory, and when examined some hours later 
they had assumed their normal ellipsoidal form. But when the absorption 
of moisture passes a certain critical point, the grains when mounted in 
balsam are each surrounded by delicate films of water (PL XLV, fig. 4). 
It will be noted that the grains shown in figure 4 are not only surrounded 
by films of moisture but are somewhat larger than are those shown in 
figure 3, indicating that more water has been absorbed in the former case 
with resultant increase in size. 

When viewed in aceto-carmin or other aqueous media the normal pollen 
grains for species of Pekmia are ordinarily circular in outline but they may 
sometimes present a slightly elongated, bluntly triangular figure. Matsuda 
(1927) finds that this variation of form in the presence of water is associated 
with the age of the anthers, the spherical form being characteristic of young 
anthers and the tetrahedral of older ones. We have not been able to trace 
such a connection and it has seemed to us more probable that it is due to 
the thickness of the walls and more especially to the particular phase of the 
protoplasm in the different grains at the instant that the water is applied. 
The grains of polyploids in aqueous media may resemble very closely, 
throughout the whole preparation, the pollen grains of true breeding diploids 
in similar media. At other times the grains of the same polyploids or of 
other strains of polyploids present a very motley appearance being circular, 
square if four pores are present, bluntly elliptical, swollen at one pole, or 
irregular in outline (PI. XLV, figs. 5, ii, 13). 

Table 2 gives a comparison of the pollen grains of three species and two 
tetraploids based on the length of the longest diameter of the grains as 
measured in aceto-carmin. The same records are presented in the form of 
graphs in text figure 2. It has been shown earlier that pollen grains of 
Petunia have the same form and size in balsam and in dry air. If one 
compares the record given in table i with that given in table 2 it is at once 
apparent that the measurements in balsam and in aceto-carmin practically 
agree as to the relative sizes of the pollen grains in the three species, and table 
2 further shows the greater range in size of the grains of the tetraploids over 
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Table 2. Comparison of Pollen Grains of Petunia, Mounted in Aceto-camiin, Based on the 
Length of the Longest Diameter of 500 Grains for Each Population. One Space on the. 
Micrometer Equals 4.5 microns. P7, Petunia parviflora; Pcj, P. inolacea; P14, P. 
axillaris; Pi, Large-flowered Tetraploid— 2987.3: P4, Sniall-flmoered Tetraploid 

—30126.77. 
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those of the species. The grains of P4 well overlap those of P7, cover the 
whole range of P9 and P14 and extend twenty-nine spaces or 130.5 microns 
beyond P14. But they , do not give any indication of the constancy in form 
of the grains in the species and the marked irregularity of form in the 
tetraploids. Furthermore if one has the graphs shown in text figure i in 
mind, it needs only a glance at text figure 2 to be convinced that the meas- 
urements in . the aqueous medium give a very erroneous picture as regards 
the relative lengths of the pollen grains in the three species. The results, 




Text Fig. 2. Graphs showing comparative sizes of 500 pollen grains in each of 3 
species and 2 tetraploids of Petunia. Grains mounted in acetocarmin. Each space on the 

micrometer is 4.5 microns. := P. axillaris^ — = P. violacea, P. 

parviflora, = Pi, large-flowered tetraploid, ~ P4, small-flowered tetraploid. 


expressed in microns, of 500 measurements for each of five populations as 
recorded in table 2 and text figure 2 are as follows: 



Mitiiraum Diameter 

Maximum Diameter 

Average Diameter 

P 7 

5,1 spaces 

6.7 “ 

or 22.95 

6.7 spaces 

8.7 “ 

or30.i5^i 

26.6679 jU 

P9 

“ 30.15 

“ 39-15 M 

34.8957 M 

7,8 “ 


lO.I ** 

“ 45-45 M 

40.14 M 

Pi 

6.7 “ 

“ 30 .I 5 M 

II. I “ 

“ 49-95 

40,7457 M 

P4 

6.1 ‘‘ 

27.45 M 

13 

“ 58.5 m 

40.4235M 


If one notes the fact, that the average diameter for P14 and P4 differ by 
but .28 of a micron, in connection with the graphs for these two populations 


656 


AMERICAN JOURNAL OF BOTANY 


[Vol, 19 


and with figures 5, ii, 13, one must conclude that average diameters of 
pollen grains in an aqueous medium have little or no significance when 
comparing pollen grains of diploids and tetraploids, at least in so far as 
the pollen grains of Petunia are concerned. 

In his studies of pollen grains, Wodehouse (1928) used as mounting 
media either an alcohohwater-glycerine combination or Brandt’s glycerine 
jelly. In discussing Mohl’s (1835) studies he says: ‘*He clearly understood 
the importance of observing the grains in the moist condition.” He cites 
Smith (1876) and Pope (1925) as examples of students who “insist that 
pollen should be observed in the dry form,” and says that Bennett’s (1875) 
“figures are mostly lacking in detail because his observations were confined 
to dry material.” From the data presented in the present paper it seems 
clear that both dry air and balsam as mounting media give a truer picture 
of the size and form of pollen grains than does any aqueous medium. 

Summary 

1. The haploid number of chromosomes in the true breeding species 
Petunia violacea Lindl. and P. alha Hort. is 7, the somatic number in these 
species being 14. The n number of chromosomes in the small flowered 
species, P. parviflora Juss, is 9, the 2 n number is 18. 

2. The pollen grains of Petunia are normally ellipsoidal. The two 
natural species named above and P. axillaris have, each, a characteristic 
length of grain. 

3. The value of averages in quantitative studies is questioned. 

4. Pollen grains are not appreciably changed in form or in size when 
mounted in a thin solution of Canada balsam in xylol. 

5. Whatever the normal form of pollen grains, they become more or less 
spherical in an aqueous medium. 

6. No aqueous medium, heretofore used, for studying pollen grains was 
found to act uniformly on all the grains of a given mount. 

7. As a result of our observations it is believed that descriptions of 
pollen grains, as observed in an aqueous medium, are of doubtful value. 

8. The pollen grains of polyploid petunias present a mixture of various 
forms and sizes. 

9. While there are such marked differences in the appearance of pollen 
grains of species and of polyploids in Petunia, the two frequently can not be 
distinguished when mounted in a medium containing water, 

10. Since pollen grains are very susceptible to atmospheric conditions, 
it is essential that a “type form” of grain be observed before mounting for 
study the grains of any species or of a cultivated strain the form of whose 
grains is unknown. 

Wellesley College, 

Wellesley, Massachusetts 
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DESCRIPTION OF PLATE XLV 

Pollen grains of Petunia, The grains were magnified X 370 and reduced by one-third in 
reproduction. 

Fig. I. P. axillaris in air. 

Fig. 2. P. axillaris in balsam. 

Fig. 3. P. axillaris after a heavy dew. 

Fig. 4. P. axillaris saturated with moisture. 

Fig. 5. P, axillaris in aceto-carmin. 

Fig. 6. P . violacea m diw . 

Fig. 7. P. violacea in balsam. 

Fig. 8. P. parviflora in air. 

Fig. 9. P. parviflora m balsam. 

Fig. 10. Pi, large-flowered tetraploid, in balsam. 

Fig. II. Pi, large-flowered tetraploid, in aceto-carmin. 

Fig. 12. P4, small-flowered tetraploid, in balsam. 

Fig. 13. P4, small-flowered tetraploid, in aceto-carmin. 
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T. Elliot Weier 

(Received for publication February 20, 1932) 

Do filaiit cells possess a structure comparable to the Golgi apparatus of 
animal cells, and, if so, what is it? For some years it has been held by 
Bensley (1.910), Guilliermond (1930), and Parat (1928) that the plant 
t'acuole is hoiniilogoiis to the Golgi apparatus. They maintain that the clas- 
sical a|)paratus of Golgi is merely an idea, having no real existence within 
the animal cell. What is observed is an artifact brought about by the pre- 
cipitation of osmium and silver upon surfaces within the cell. The realities 
of cellular structure are the vacuoles and mitochondria. Since, however, the 
work of Nassonov, Bowen, Gatenby, Morrelle, Beams and many others 
presents evidence for the conclusion that the Golgi body is cytoplasmic in 
nature, much doubt is cast upon the concept that the plant vacuole and the 
Golgi l)ody are homologous structures. 

Bowen ( ig26e) at one time put forward the hypothesis that the plastid 
might be the plant counterpart of the Golgi apparatus. Pie later abandoned 
this idea in favor of his osmiophilic platelet hypothesis (Bowen, 1928). This 
latter concept has, however, not found great acceptance. Platelets have been 
reported by Patten, Scott, and Gatenby (1928) in the meristematic cells of 
Vida and Hyadnthus roots and in Pistim shoots. Kiyohara (1930) de- 
scribes them in the growing points of Vida faba, Hydrilla vertidllata, and 
Elodea canadensis roots and in Hydrilla vertidllata and in Elodea canadensis 
stems. He believes them to be proplastids. Weier (1931, 1932a) has 
found them in spermatogenous, archesporial, and epidermal cells of Poly- 
trichum commune. They are also large and numerous in the young andro- 
cytes oi Pellia epiphylla (unpublished data). In all of these cases it is very 
noticeable that the tissues examined have been, with the exception of the 
epidermis, meristematic in nature. It also would appear that the platelets 
are present only in tissues which do not contain mature chloroplasts. This is 
not sufficient cause for one to maintain that they are not analogous to the 
Golgi apparatus, as Bowen claimed, or that they may not be of importance in 

[The Journal for July (19: 547-658) was issued August 10, 1932.] 
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cellular metabolism, but it most certainly does indicate that tlieir im]H)rtance 
as universal plant elements should not be stressed quite as stroiyely as 1 >(i\vt‘n 
did, at least not until we know more of their function and life liistory. I'hat 
they are not, as Guilliermond maintains (1930), swollen initochondria seems 
very evident from an examination of successful preparations. 

The present writer in a series of papers has reported a rather striking 
resemblance as occurring between the plastid and the Golgi a|)paratus { W'eier, 
1931, 1932a, 1932&). This similarity is shown in structure, in behavior 
during meiosis and spermogenesis, in function, and in many similar reactions 
to fixation. These previous studies were of necessity confined almost entirely 
to a comparison of my preparations with the published re|)orts and drawings 
of other investigators. Recently Professor E* B, Walson has l;)een kind 
enough to send me a number of the late Professor Rol)ert Ihiwen’s prejiara- 
tions, and Professor H. W. Beams graciously placed at my rlisposal a number 
of his slides. With this material available I have been able to mak(‘ a careful 
slide-for-slide comparison of the Golgi apparatus and the plastid. 

This comparison falls naturally into two parts. In the first section I have 
made a slide-for-slide comparison between the Golgi body and the plastid. In 
doing this I have not taken into consideration the various physiological stages 
which both plastid and Golgi body may pass through during a secretory cycle. 
The reason is obvious — no one has yet worked out the cytological aspects of 
starch elaboration, while the secretory cycle of the Golgi zone is in many cases 
but imperfectly understood. I have merely chosen a numlyer of stages in 
which the two forms have a sufficiently striking resemblance to merit attention. 
There are indications, however, some of which have been brought out in 
previous reports (Weier 1931, 1932a, 1932^;) and another which will be 
illustrated in a later connection in this paper, which point to the conclusion 
that these similar forms are in all probability performing like functions in 
comparable phenomena. In addition it must be pointed out that in only a 
very few cases are the comparisons absolutely identical. Again the reasons 
are obvious— physiological activity undoubtedly determines the structure and 
form of the Golgi zone and plastid. Just as there must be a chemical differ- 
ence between starch elaboration and enzym elalioration there will be various 
differences in the detailed structure of the two forms. 

The second part of the description is based on a comparison of my Antho- 
ceros preparations and Bowen’s (1926a., 1926^, 1926c, ig26d) description of 
the history of the secretory cycle of certain gland cells. In this study I am 
not attempting to give a history of plastid behavior during a secretory cycle. 
My preparations, ranging from plastids void of starch to those gorged with 
it, most certainly suggest that there is as clearly a cycle of starch elaboration 
within the plastid as there is a secretory cycle in the Golgi apparatus of the 
gland cell, but since there are many details as yet unexplained I do not wish 
at this time to go into a description of the cytological aspects of starch elabora- 
tion. The fact that plastids at certain stages exist without starch and at others 
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with varying degrees of starch is sufficient and all that will be considered in 
this section of tlie present paper. 

Slide-for-slide Comparison of Golgi Body and Plastid 

I have already pointed out that the plastid present in the archesporial and 
androgonai tissue of Polytrichtim commune is surprisingly similar to the 
discrete dictyosoine form of the Golgi apparatus. In Plate XLVI, figures i 
and 2, this resemblance is most strikingly illustrated. Figure i is taken from 
Folytrichitnij while figure 2 represents a portion of a nerve cell from the 
spinal ganglion of a grasshopper. The resemblance is so complete that no 
further remarks need to be made. 

The next few figures (figs. 3 to 8), are examples of the different types 
of fixation that may be oljtained with both structures. The most frequently 
observed metallic impregnation picture of the archesporial plastid of Poly- 
trickuni coiunimw is that in which the plastonema is heavily blackened at its 
interfaces with the cytoplasm and with the plastosome, leaving what is in all 
probaliility the major part of the plastonema itself as a perceptibly lighter 
line which is bordered by two heavily impregnated surfaces (fig. 3). The 
plastosome is easily discernible, though but slightly differentiated from the 
remainder of the cytoplasm. In osmic acid impregnations of the Golgi 
apparatus in the intestine of the rat one frequently meets with a surprisingly 
similar structure (fig. 4). The apparatus is rather dictyosome-like. The 
deposition of the osmium is principally confined to the surfaces of the chromo- 
philic portion, leaving a clear unstained line existing between these two 
blackened ones. There is faintly discernible a slight differentiation of the 
cytoplasm which is surrounded by the blackened Golgi apparatus. 

Less frequently one encounters an impregnation in which the chromophilic 
substance of both structures no longer forms two clear cut single lines. 
Instead two rather irregular broken lines border the imblackened interior 
material (figs. S and 6). The plastid (fig. 6) is taken from the archesporial 
line of Poly trichum commune and the Golgi apparatus from the rat intestine. 
In still other cases the metallic impregnation is reduced to two slender delicate 
lines bordering the chromophobic inner substance (figs. 7 and 8). Figure 
8 represents plastids from the archesporial line of P olytrichum. That these 
different conditions are not wholly due to purely physical differences of 
intensities of osmium impregnation is clear from the fact that the examples 
of the Golgi zone were all taken from the same section while in the case of 
the plastid, figure 8, which represents the least type of blackening, was taken 
from a sample of material that had been impi'egnated for nine days at 35 
C., the longest time which any of my material remains in the osmium solution. 

Whether or not we consider the plastid of the archesporial tissue of Poly- 
trichum commune mnd the Golgi zone in the intestinal cells of the rat to 
possess exactly similar structure, we must admit that the type of osmium 
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impregnation is quite identical. In each case a filamentous or plate-like 
structure so reacts to osmification that the lower oxide is deposited at the 
interfaces of the chromophilic portion with the cyto]:)Iasm |)ro|)er and with 
other specialised regions of the Golgi zone or plastid as the case may be. 
The type of osmification varies from those in which it is quite heavy, forming 
two intensely black lines bordering a lighter interior substance, through in- 
stances in which these black lines are In'oken, to still other cases where the 
osmification has been very slight. 

My next comparison utilises the Golgi apparatus of the anterior lolie of 
the rat hypophysis and the picture of the plastid sometimes met with in the 
somatic cells which form the walls of the young antheridium in Polytrichum 
commune. In each case the osmium is again deposited along the interfaces 
between the ordinary cellular cytoplasm and the specialised regions forming 
the Golgi zone or plastid. In addition there are cross lattices wdiich give to 
this chromophilic portion the appearance of a ladder (figs. 9 and 10). Figure 
10 is the plastid. The Golgi zone (fig. 9) may fiossibly have attached to it 
a less chromophilic substance which is not present in the somatic plastid. 

The somatic plastid of Polytrichuin, Catharinaca, Anthoccros, and Pellia 
after fixation is most frequently observed as a regular platework in the 
interstices of which the starch is deposited. So far as I am aware the Golgi 
structure never presents the regular, sometimes almost geometrically perfect, 
figure exhibited by the plastid. It does, how'ever, at certain stages in many 
glands, form an irregular closed net or platework, with the secretory droplets 
making their first appearance in the openings of this structure. (Bow^n 
1926a, figs. 5, 6, and 34; 1926c, figs. 4, 5, 14, 16, 17, iS, and 69.) Figure ii, 
drawn from one of Professor Bowen’s preparations, re])resents the Golgi ap- 
paratus as observed in the pancreas of a cat. The secretory cycle is probably 
not far advanced because the apparatus is still rather small, and because a 
closed network lacking granules was observable in the cell. The plastid chosen 
for comparison is taken from a young spore of Fo/y/rfc/ran/ coinmunc (fig. 12) . 
In spite of the fact that we do not have the closeness of resemblance noticed 
in the case of the spinal ganglion cell of the rat and the archesporial plastid, I 
believe the similarity is close enough to warrant serious consideration in any 
comparison of this sort. It seems that in both cases there is a specialised 
zone of cytoplasm bounded and traversed by plates of some chromophilic 
substances. The Golgi apparatus would, as the secretory cycle progresses, 
become more irregular, finally open up and eventually break into fragments 
(Bowen 1926a, figs. 106, 107, 108). I have not as yet carried my investiga- 
tion of spore development beyond the stage depicted here, but there is some 
evidence which suggests that the plastid platework, too, may break down in 
later stages (Weier, 1931). 

The preparations of the paratoid gland of the cat, which were made 
available to me, beautifully illustrate the platework structure of the Golgi zone 
and its relationship with the secretory granules (fig. 13) - The platework is, 
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of course, quite irregular and in most cases does not form a completely 
closed system. Hie secretory granules may be observed in the interstices of 
tlie platework. Furthermore, the platework almost completely fills the cell. 
The single^ large ])lastid of AnthocevGs makes a most striking comparison with 
many ( iolgi bodies of this type. The plastid platework is decidedly more 
regular and it always forms a closed system. Starch, as shown by polarized 
liglit, and represented in figure 14 as dark gray patches, almost completely 
fills the interstices of the platework. 

As the secretory cycle of the paratoid gland cell progresses the Golgi 
apparatus becomes quite irregular and finally fragments into discrete portions 
which exteiKl here and there between the secretory granules (PL XLVII, 
fig. iG). i have obs(n’vc‘d a comparable picture to occur in the plastid of the 
sporo])hyte of . InlliGcvros but whether or not it will fit a concept similar to 
that of the secretory c\'de of the Golgi zone I am not yet prepared to say 
(fig. 15). Its remarkable likeness to the Golgi zone, however, makes it of 
more tliaii |)assing interest. It is a plastid which is gorged with starch 
granules and in which the platework has disintegrated into irregular pieces 
which extend between some of the granules of starch. 

TIk* (kilgi ap];aratus of the epididymis of the cat and rabbit is one of the 
most diversified of structures which have been described under the heading 
of the Golgi ap])aralus. It varies in structure from one end of the gland to 
the other, as well as during the secretory cycle. I have already made one 
comparison Iietween tiie plastid and the secretory region of this gland (Weier, 
19321/), In this case the de.scription of the Golgi zone was given by Parat 
(1928). I liave searched the preparation of the caput region of the epidid- 
ymis from Powell’s collection but have been unable to find anything to fit 
Parat’s descrijition. Other sections, how^'ever, of other regions of the gland 
might yield different results. Figure 17 of the Golgi zone in the epididymis 
cell and figure 18 of the archesporial plastid of Polytriclmm commune do, 
however, give an example of the type of similarity found. The resemblance 
is similar to that shown in figures 5 and 6 and needs no further comment, 
except that it seems |)robal)le that the apparatus in the epididymis cell is 
formed of a plate or ril)l)on of somewdiat greater width than is the plastonema 
of the plastid. I was unable to confirm this from the slide at my disposal 
but some of Bowen’s figures dearly show that in a good side view of the cell 
the Golgi apparatus extends as a plate for some little distance. In the caudal 
region of the epidiflymis this plate becomes quite extended and it frequently 
is vacuolate (Boweii 19261% fig. 45). In this condition it is reminiscent of 
some non-starch-ccmtainiiig plastids of thallus of Anthoceros (fig/ 19). 

The Elodca ])lastid apparently differs markedly from the plastids of Zee 
mays (Weier, i932/>) and the bryophyte plastids mentioned here. It consists 
of a heavily staining, relatively large rod, cap, or handle to which is attached 
an oval or dome-shaped non-staining mass. This latter region is shown under 
the polarizing microscope to be starch (fig. 20) . 
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The Golgi bodies present in the mucous cells of the salivary gland of 
Umax (Bowen, 1926a, fig. 65), in certain stages of secretion are character- 
istically of this same structure. They are perhaps more nuinerous and some- 
what smaller, probably not visible in the living cell and more easily rlestroycd 
by fixation, but their structure and probably their function is sufliciently 
similar to make it necessary to consider them in any comparison Ijctween 
plant and animal cytoplasm. 

Secretory Cycle in Golgi Body and Flastid 

In describing and comparing the different forms of the plastic! and the 
Golgi body in relation to some sort of a secretory cycle it is necessary to 
proceed with a good deal of caution. Bowen, himself, was not too certain 
of the early stages and to the writer’s knowledge the descri|)tion of the uni- 
formly staining mass present at the beginning of the cycle has never been 
confirmed by other investigators. Nassonov (1:923), in his account of the 
secretory cycle, does not describe any of the earlier stages other than in 
the form of a network. On the other hand for Morelle (1926) the heavily 
blackening plates of the classical Golgi body are due to fixation, the actual 
Golgi structure always being a spot ” of specially differentiated cytoplasm. 

Although in the plastic! there is a clear and concise range of stages from 
non-starch-containing plastids to those which are gorged witli it, I am hardly 
yet ready to fit these changes into an elaborate secretory cycle. There may 
be, for instance, two types of plastids present in Anthoc eras. Then the mean- 
ing of the platework structure which is so clearly alisent from the living 
plastid and which figures in no theory of the structure of the living plastic!, 
but yet which clearly bears some relation to starch elalioration, is a moot 
question which must be settled before a definite knowledge of a secretory 
cycle may be ascertained. 

In describing the various forms of the Golgi body and the plastid from 
the point of view of a secretory cycle let us not consider the cycle as a defi- 
nitely established concept. We shall rather compare plastid and Golgi body 
when visible secretions are absent, when a few products of elaboration are 
present, when a somewhat larger number are enclosed within the elaborating 
structure, and when the secretory regions are gorged with the products of 
elaboration. Whether or not these stages eventually may be placed in a well 
defined cycle is a matter for future research to decide. The significant fact 
for the present study is to discover whether or not the plastid and Golgi body 
resemble each other when somewhat similar amounts of secretory material are 
present within the cell. 

According to Bowen (1926a) there is present in many glands a stage 
in which certain cells are absolutely devoid of secretory granules. Under 
these conditions the Golgi apparatus in a number of glands, the mucous cells 
of the submaxillary of the cat, the white portion of the TIarderian glands of 
the rabbit, the Mebomian gland from the upper eye-lid of the cat, and the 
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epididyrnis of the cat and the rabbit, for instance, is present in the form of 
a small, evenly staining, blackening mass lying between the nucleus and the 
lumen of the cell. 

My Anthoceros material was collected on the campus of St. Lawrence 
University and brought into the laboratory where it was killed some hours 
later. Whether the fact that it was thus removed from the sunlight for a 
short time Ijefore fixation accounts for the absence of starch in certain plastids 
I do not know, Ixtt the plastids in the most superficial cells of the thallus 
were devoid of starch when viewed under the polarized light of crossed nicols 
prisms. With this absence of starch the plastid always fixed evenly and 
smoothly without the slightest suggestion of a platework figure (figs. 21, 22), 
thus corresponding closely to Bowen’s description of the Golgi body in some 
types of cells at the commencement of the secretory cycle. Plastids heavily 
or lightly blackened by the Kolatchev technique (fig. 23), or those fixed 
according to Parat’s modification of Helly and stained either with Kult- 
schitzky’s or Heidenhain’s haematoxylin show exactly the same lack of 
structure (fig. 21). At times this starchless plastid would exhibit a rather 
vacuolate structure (figs. 19 and 23). 

In the very earliest stages of secretion the evenly blackening Golgi appa- 
ratus opens up slightly so that short loops or bulging plates extend unevenly 
from the more homogeneous mass. The plastid of a somewhat corresponding- 
stage is marked l)y numerous and -rather large vacuoles in which starch 
appears (fig. 24). Here again the type of fixation, Kolatchev or Parat, does 
not effect the type of picture obtained. 

A comparison between the plastid and the Golgi zone when they contain 
a large quantity of secretory material has already been made (figs. 13 and 
14). The Golgi zone is composed of a rather irregular platework in the 
interstices of which the secretion first appears (fig. 13). The same thing is 
essentially true of the plastid, the difference being in the more regular picture 
prCvSented by the plastid (fig. 14). 

When both structures are gorged with secretory material there seems again 
to be some degree of correspondance in their structure (figs. 15 and 16). 
The platework has fragmented, and the short pieces ramify in an irregular 
manner between the starch or digestive enzym, as the case may be. 

It may be said that the plastid and the Golgi body are each specialised . 
regions of cytoplasm which elaborate specialised non-living compounds for 
the use of the organism. After fixation with Golgi techniques their structures 
correspond in that they exist either as plateworks or as discrete dictyosomes. 
In addition the pictures exhibited by the two bodies after fixation agree 
quite well in relation to the amount of secretory material that is present in 
each cell. In each case the visible end product of the chemical reactions taking 
place within the corresponding regions apparently bears some relation to the 
specialised cytoplasm which reduces the osmium tetroxid. Their differences 
lie in the fact that the plastid is more resistant to certain fixation techniques 
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and that although the Golgi zone ivS well preserved ])y mitochondrial fixatives 
it is not usually possible to stain it after treatment with them; whereas the 
plastid is quite easily stainable after fixation with this grou]) of fluids. It is 
also interesting to point out that both structures pass through a pctriod of 
fragmentation such that it is possible- only with great difficulty to differentiate 
them from mitochondria. 

Discussion 

Homology 

It must be pointed out that even though there most certainly exists a 
most striking correspondance between plastid and Golgi body we cannot as 
yet speak of them as homologous structures. They may lie homologous, but 
it is impossible for us to know, at present, whether or not they ever had a 
common origin, from an evolutionary point of view. Until future research 
either gives sufficient evidence to decide this point or shows our inaliility 
to decide it, it seems best that our present knowledge be not further con- 
fused by the concepts conveyed in the term “ homologous.’' The structures 
are most certainly comparable but in so far as we know they are not homol- 
ogous. 

The Plant Vacuole and the Golgi Apparatus 

It has been pointed out that investigators basing their argument on the 
similarity of the network structure of the plant vacuole to the Golgi zone are 
maintaining that there exists no such structure as the Golgi apparatus in the 
animal cell. For instance, Owens and Bensley (1929) have maintained that 
in the light of their work “ it is obvious that the ‘ magnificent apparatus of 
Golgi’ as displayed in the osmic and silver impregnations is but a mass of 
precipitated osmium or silver on surfaces and spaces pre-existing in the cell. 
The reality is a system of spaces with their enveloping membranes revealed 
by the techniques of Holmgren, Bensley, Parat and Painleve, and Giiillier- 
mond, in other words the vacuome.” Disregarding the very great possibility 
that Bensley is not discussing the same structure as Parat and Painleve 
(Beams, 1931) it is quite evident that since osmium and silver techniques do 
so clearly show the plant plastid, Bensley is quite incorrect in assuming that 
these techniques only bring into evidence the limiting membranes of cyto- 
plasm and vacuoles. It is true that perhaps the osmium and silver are pre- 
cipitated on the interfaces of differentiated regions of cytoplasm that go to 
form the heterogeneous unit of living matter — the protoplast. It is true 
that these blackened regions may not be visible in the living cell and are in 
that sense artifacts, but in the plastid, at least, they certainly indicate zones 
of cytoplasm which we have reason to believe are specialised centers of even 
greater chemical activity than the nucleus. Since frequently these same tech- 
niques when applied to the animal cell show similar structures, is it not most 
logical to conclude that the Golgi zone, too, is a specialised region of cytoplasm 
and not, as Bensley and Parat maintain, vacuolar? 
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The qnesli,,,! tTen may logically be asked as to how we are to dispose 
of In \aciiol,u network which Guilliermond (1930) holds to be homologous 
with the (a.lgi /one, and niion which the concept of the vacuolar Golgi region 
IS liasul. I he answer is simply that Guilliermond is describing the plant 
vicuole, a typica plant structure which performs certain physiological func- 
uns tnigm and translocation, peculiar to the plant. For this reason we 
s lould ncilhci look lor nor expect to find structures corresponding to the 
. p ant animal cell. Tliere may be vacuoles in the animal cell— 

ickcd It IS diilicult to picture a cell without them; but since they perform 
uthei functions than do the vacuoles of the plant cell they must be different 
m form and shape from tho.se of the plant cell. 

I here is, undoulitedly, .some resemblance between the Golgi zone and 
certmn stages of the plant vacuole (Guilliermond, 1930) but a little serious 
consideration of tlicir nature shows clearly that this similarity is very super- 
11 1 K. hist plate the foim of the plant vacuole in elongating tissue, an 
oiien^ slightly anastomosing net, is very far removed from \he complicated 
jdgi structure observed in glandular tissue. Secondly, according to the cla.s- 
sical cijiicept ot the Golgi aiijiaratiis and emphatically stated by Bensley (1929) 
in his ‘ vacuomc ” hypothesis, the osmium is precipitated in the cytoplasm of 
V.U? i ^i^'ording to Guilliermond (1930) it is the vacuolar material 

n,se f which precipitates the osmium in the plant cell. Thirdly, in gland cells, ' 
at the height oi secretion, the secretory droplets are plainly visible iii the inter- 
stices <,1 the blackened iilatewurk. On the other hand, the vacuome which 
orms the blackened network i.s itself the secretory product of the plant cyto- 
plasm. In otlicr words, in the animal cell, the osmiophilic substance plays a 
part m the elaboration of the secretory product, in the plant cell the osmio- 
piihc vacuome is ^thc secretory product. Obviously the two structures cannot 
le comparalile. honrthly, neutral red does not stain the Golgi material. This 
ha.s been clearly shown in numerous instances. Special mention may be made 
ot J Leary s ( 1930 ) exiieriments on the living mouse pancreas and the work 
ot Beams fotfio) in demonstrating both the Golgi apparatus and the neutral 
red vacuome in the .same cell. Fifthly, not only the network vacuome but the 
large vacuoles of the plant cell are frequently formed by the 'flowing together 
of small granules. ^ That such a phenomenon does not take place in the case 
of the fjolgi laidy is very evident from the failure of Covell and Scott (1928) 
to cause neutral red granules to flow together under the influence of osmium; 
from O Leary’s work on the mouse pancreas, and from Krjukowa’s (1929) 
^k 1 Beams and Goldsmith’s (1930) demonstration of the incorrectness of 
iarat’s {1928) interpretation of the secretory cycle of the chironome larva, 
bixtlfly, to the writer’s knowledge Dangeard (1923), Guilliermond (1930), 
and Scott (1929 ) are the only investigators who have succeeded in demonstrat- 
ing a black'ened or neutral-red-staining network form of the plant vaGuole. In 
tile many vital e.xperinients carried on by Weber, Martens, and Bailey and 
Liikle, presumably in all of Bowen’s osmicated plant material, and in Several 
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thousand of the writer’s preparations no network structure of the vacuole 
has been reported. It seems that this is a most pointed suggestion that the 
vacuolar network must either be a rather transitory stage, only existing in 
certain periods of development not handled by the above mentioned group 
of investigators, or else it must be strongly influenced by fixation. Sev- 
enthly, there is a marked difference in the period of life of the individual 
organism when the plate or network structure of Golgi and vacuome are 
visible. In the case of the animal cell the platework is most commonly ob- 
served in fully differentiated gland cells; whereas the network vacuome is 
almost entirely confined to that period of the life history of the plant when 
the meristernatic tissues are elongating and large vacuoles are forming. 
Eighthly, the dictyosome formation, the secretory cycle, and the acrosome 
formation so characteristic of the Golgi body are conspicuous by their absence 
from the concept of the plant vacuole. Indeed the vacuole of plant material 
is apparently not even present during sporogenesis and spermatogenesis. 

There seems to be only one conclusion permissible from this array of 
facts — the plant vacuoles are not conparable in the slightest degree to the 
Golgi zone. The vacuoles may possibly correspond to the secretory products 
of the animal cell or they may be comparable to the neutral red granules, or 
they may be an especially adaptive structure correlated with cell turgor and 
the means by which the plant maintains its rigidity, and thus have no counter- 
part in the animal cell. 

The Cytoplasmic or Enzymatic Factor in Photosynthesis 

I have hitherto spoken of the plastid as though starch were the direct 
product of the action of the cytoplasm of the plastid. In doing so I have 
ignored the various physiological aspects of photosynthesis because I felt 
that our knowledge of plastid structure hardly allowed for more than a very 
general statement, from a cytological point of view, of plastid activity. In 
thus considering the action of the plastid I have compared the carbohydrate 
end product of photosynthesis with the secretory product elaborated by the 
Golgi zone. 

Owing to the close correspondence between the fixed pictures of the 
Golgi apparatus and the plastid, together with certain well established facts 
of photosynthesis, I should like here tentatively to modify this concept. It 
has been shown that in addition to chlorophyll and sunlight some additional 
cytoplasmic factor, in all likelihood of an enzymatic nature, is necessary for 
the production of starch. May it not be, then, that at least one of the direct 
products of the plastid cytoplasm is an enzym? If this should be the case 
there would be a harmony of structure and function between the animal 
and plant cell. Both possess, in addition to the already well established 
structures, regions of cytoplasm which upon fixation presents corresponding 
platework forms.* During meiosis and spermatogenesis these specialised 
regions of cytoplasm have a very similar history. In function they both 
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elaborate enzyiiis. The greatest difference in the two would lie in the fact 
that through some photochemical reaction, as yet not understood, the plastid 
is enabled to utilise the energy of the sunlight to build up the simple sugars. 

The most serious objection to lie raised against the idea of the essential 
similarity of plastid and Golgi body lies in the fact that certain plants do not 
possess plastids. I wish at this time only to raise the question, and to suggest 
that its solution lies, not in searching further for osmiophilic substances in 
chlorophyll-less plants, but in a better understanding of the physiological func- 
tioning of the plant and animal cells. 


Summary 

1. A careful comparison has been made between the structure of the 
Golgi apparatus of various gland cells with the bryophyte plastid, and of the 
appearance of the Golgi body and the plastid in relation to the amount of the 
secretion or starch present. 

2. The concept of the homology of the Golgi apparatus with the plant 
vacuole is reviewed in detail. 

3. The results of these studies materially strengthen the theory that if the 
plant cell possesses a structure comparalile to the Golgi apparatus, there exists 
strong evidence that this structure is the plastid and not the plant vacuole, 
as has been maintained. In support of this theory the present paper empha- 
sizes the following points: 

a. The essential similarity of the fixation pictures of the plastid and of 
the Golgi body. They are both present either as masses of differentiated 
cytoplasm which is traversed by numerous chromophilic plates, thus forming 
a platework in the interstices of which the starch or secretion is deposited ; 
or they appear as differentiated masses of cytoplasm partially surrounded by 
a heavy staining ribbon or filament. Similar variations of these two typical 
fixation pictures are found to occur in both structures. 

b. The similarity in the structure of the two bodies in relation to the 
amount of secretory material or starch present within the cell. When no 
starch or secretion is present both plastid and Golgi apparatus frequently 
appear as evenly staining masses of differentiated cytoplasm. With the ap- 
pearance of some secretion both structures are more or less vacuolar. They 
are both complicated plateworks when at the height of activity and upon be- 
coming gorged with the products of elaboration the platework seems to dis- 
integrate. 

r. The similarity in the function of the two structures; both are very prob- 
ably the centers of eiizym elaboration. 

d. The fact that in many important instances the concept of the plant vac- 
uole differs materially from that of the animal vacuome-Golgi apparatus '' 
hypothesis, thus clearly indicating that the plant vacuole and the Golgi ap- 
paratus are by no means comparable. 

4. Since osmium and silver are precipitated around and within the plastid 
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— a cytoplasmic structure — theories maintaining that these metals are only 
precipitated on cytoplasmic membranes Ixirdering upon watery vacuoles are 
ostensibly incorrect. 

5. It seems that this similarity of structure aiid function between plastid 
and Golgi body, together with the demonstration of the fact that osmium and 
silver are precipitated within and upon cytoplasmic structures, should afford 
conclusive evidence that the classical concept of the Golgi l)ody as expressed 
by Nassonov, Bowen, Gatenby, ]\Iorelle, Hirschler, Beams and others is cor- 
rect. This concept is that the Golgi apparatus is a s|)ecialise(l cytoplasmic 
structure performing a definite function in the metabolism of the cell. 

I wish to acknowledge my indebtedness to both Profc‘ssors E. B. Wilson 
and EL W. Beams for their kindness in sending me the Golgi preparations I 
have used in this study. I owe much to Rrofessor L. W. Sharj) for his kind- 
ness in allowing me the use of his own research microsco[)e and for his 
continued interest in the progress of the work. I have beam greatly aided 
by the assistance of Katherine Weier in preparing all of my botanical material. 
This investigation was aided by a grant from the Committee on Grants-in-aid 
of the National Research Council. 

Flushing, N. Y. 

LITERATURE CITED 

Beams, H. W. 1930. Studies on the vacuome and the Golgi apparatus in the acinar 
cells of the pancreas of the rat. Anat. Rec. 42: 137-160. 

. 1931, A cytological study of the spinal-ganglion cells of the rat, with special 

reference to the Golgi apparatus, vacuome, canalicular apparatus (Saftkanal- 
chen), mitochondria, clear canals of Penfield, and Nissl bodies. Anat. Rec. 

49: 309-342. 

Beams, H. W,, and J. B. Goldsmith. 1930. Golgi bodies, vacuome and mitochon- 
dria in the salivary glands of the Chironomus larva. Jour. Morph. Physiol. 
50: 497-514 

Bensley, R. R. 1910. On the nature of the canalicular apparatus in animal cells. 
Biol Bull. 19: 179-194. 

Bowen, R. H. 1926a. Studies on the Golgi apparatus in gland cells. L Glands 
associated with the alimentary tract. Quart. Jour. Microsc. Sci. 70: 76-112. 

■. 1926^7. Studies on the Golgi apparatus in gland cells. IL Glands producing 

lipoidal secretions— the so-called skin glands. Quart. Jour. Microsc. Sci. 70: 

193-215. 

— — . 1926c. Studies on the Golgi apparatus in gland cells. III. Lachrymal glands 
and glands of the male reproductive system. Quart. Jour. Microsc. Sci. 70: 

395-418. 

. I926ff. Studies on the Golgi apparatus in gland cells. IV. A critique of 

the topography, structure, and function of the Golgi apparatus in glandular 
tissue. Quart Jour. Microsc. Sci. 70: 419-449. 

. 1926c. The Golgi apparatus — its structure and functional significance. Anat 

Rec. 32: 151-193. 

.1928. Studies on the structure of plant cytoplasm. 1 . The osmiophilic 

platelets. Zeitschr. Zellforsch. Mikrosk. Anat 6: 689-725, 

Covell, W. P., and G. H. Scott. 1928. An experimental study of the relation be- 
tween granules stainable with neutral red and the Golgi apparatus in nerve 
cells. Anat Rec. 38: 377-393. 



Oct., 1932] WEIER — GOLGI BODIES AND PLASTIDS 67I 

Dangeard, P. 1923* Recherclies de biologic cellulaire. (Evolution du systenie 
vacuolaire chez les vegetaux.) Le Botaniste 15: 1-2 67. 

Guillermond, A. 1930- Le vacuonie des cellules vegetales. Protoplasnia 9: 133- 

174. 

Kiyohara, K. I93t). liber “ osmiophile Platchen ” Bowens in pflanzlichenzellen. 
Cytologia 1 : 328-334. 

Krjukowa, Z. I. 1929. Observations cytologique sur les glands salivaires de la 
larve du Plurnonie. Arch. Russ. Anat. Histol. Embryol. 8: 101-117. 

Morelle, J. [<j2t). Les constituants du cytoplasm dans le pancreas et leur inter- 
vention dans le phtuiomene du secretion. La Cellule 37: 77-141. 

Nassonov, D. N. 1923- Das Golgische Binnennetz und seine Beziehungen zu der 
Sekretion. Untersuchungen liber einiger Aniphibiendrusen. Arch. Mikrosk. 
Anat. 97: 137-186. 

O’Leary, J. L. 1930. An experimental study of the islet cells of the pancreas 
in vivo. Anat. Rec. 45: 27-58. 

Owens, H. B., and R. R. Bensley. 1929. On osmic acid as a microchemical reagent 
with special reference to the reticular apparatus of Golgi. Amer. Jour. Anat 
44: 7^-102. 

Parat, M. 1928. Contributions a I’etude rnorphologique et physiologique du cy- 
toplasm, chondriome, vacuome (appareil de Golgi), eclaves, etc. Arch, Anat. 
Microsc. 24: 74-356. 

Patten, R., M. Scott, and J. B. Gatenby. 1928. The cytoplasmic inclusions of 
certain plant cells. Quart. Jour. Microsc. Sci. 72: 387-401. 

Scott, F. M. 1929. The occurrence of the Golgi apparatus in the seedling of 
Vida faba. Amer. Jour. Bot. 16: 598-605. 

Weier, T. E. 193L A study of the moss plastid after fixation by mitochondrial, 
osmium and silver techniques. 1 . The plastid during sporogenesis in Poly- 
trichiun commune. La Cellule 40: 261-360. 

. 1932a. A study of the moss plastid after fixation by mitochondrial, osmium, 

and silver techniques. LL The plastid during spermatogenesis in Polytrichuni 
commune and Cathannaca iindulata. La Cellule 41: 51-84. 

. 1932b. A comparison of the plastid with the Golgi zone. Biol. Bull. 62: 

126-139. 

DESCRIPTION OF PLATES 

All the figures were drawn with the aid of a camera lucida using in all cases a 
Zeiss apochromatic objective 1.5 mm, (num. aper. 1.30). Different compensation oculars 
were used in outlining the drawings so that their magnification varies to a certain extent. 

Plate XLVI 

Fig. I. A section of a spinal ganglion cell from the grasshopper. The Golgi ap- 
paratus is present in the form of discrete dictyosomes. From a preparation of Beams. 

BTg. 2. A cell from the archesporial line of Polytrichum commune. The plastid 
bears a resemblance to the Golgi zone which cannot be without significance. Benda 
fixation, iron alum haeraatoxylin stain. 

Fig. 3. The Golgi apparatus in the intestinal cell of the rat frequently is a curved 
ribbon with its borders quite heavily impregnated. It appears to enclose a region of 
differentiated cytoplasm. From a preparation of Beams. 

Fig. 4. The plastid in the archesporial line of Poly trichum commune also frequently 
appears as a curved ribbon or thread with its edges heavily blackened, Kolatchev. 

Fig. 5. In the Golgi apparatus of the rat intestinal cell cases are met with in which 
the blackened borders are quite fragmented. From a preparation of Beams. 
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Fig. 6. Upon occasion the plastonema of the archesporial plastid may also exhibit a 
fragmentation of its blackened borders. Kolatchev. 

Fig. 7. The blackening of the regions bordering upon the chromophilic portion of 
the Golgi apparatus may be so reduced that this portion of the apparatus is delimited from 
the remainder of the cytoplasm only by very delicate blackened lines. From the same 
section as figures 3 and 5, 

Fig, 8. The plastid may also be delimited from the surrounding cytoplasm by very 
delicately blackened regions. Kolatchev. 

Fig. 9. In addition to the blackening along the edges certain regions within the 
chromophilic portion of the Golgi apparatus have reduced the osmium forming a tressil- 
like structure. From the anterior lobe of the hypophysis of the rat. From a prepara- 
tion of Beams. 

Fig. 10. Both the antheridial and somatic plastids of Polytrichiim commune exhibit 
a fixation picture fairly similar to that shown in figure 9. The illustration here was 
taken from a somatic cell. Kolatchev. 

Fig. II. A fairly typical apparatus early in the secretory cycle. Pancreas of cat. 
From a preparation of Bowen. 

Fig. 12. Illustrating how the plastid may correspond to tlie Golgi apparatus of the 
pancreas cell. Both are clearly regions of cytoplasm in which osmium or silver are 
deposited in the form of undulating plates. Da Fano. 

Fig. 13. Golgi apparatus in the paratoid gland of the cat. The secretory granules 
are clearly visible in the interstices of the blackened platework. From a preparatiion of 
Bowen. 

Fig. 14. The single large plastid of Anthoceros. After osmification as well as after 
other fixations, it appears as a complicated, but apparently regular, platework. In the 
interstices of this platework polarized light shows the presence of starch, represented 
here by dark patches. Kolatchev. 

Plate XLVII 

Fig. is. A plastid from the sporophyte tissue of Anthoceros. The regular plate- 
work has apparently disintegrated so that a few pieces separate the starch grains. Benda 
fixation, iron-alum haematoxylin stain. 

Fig. 16, The Golgi apparatus near the end of a secretory cycle in the paratoid 
gland of the cat. The platework has broken down into discrete pieces which wind in 
and out between some of the secretory granules. From a preparation of Bowen. 

Fig. 17. The Golgi apparatus in the caput region of the cat epididymis. From a 
preparation of Bowen. 

Fig. 18. A plastid taken from the archesporial line of Polytrichmn commune. 
Kolatchev. 

Fig. 19. A non-starch-containing plastid from the thallus of Anthoceros. Kolatchev. 

Fig, 20. Plastids from Elodea canadensis. Benda fixation, iron-alum haematoxylin 
stain. 

Figs. 22 and 23. Non-starch-containing plastids from, the thallus of Anthoceros. 
Kolatchev. 

Fig. 24. A plastid with vacuoles” which under polarized light are shown to 
contain starch. Kolatchev. 
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SOME FEATURES OF THE ANATOMY OF 
FOUQUIERIA SPLENDENS 

Flora Murray Scott 


(Received for publication February 20, 1932) 

Fouquieria splendens, ocotillo or candle bush, with its switch-like thorny 
branches, two to five meters in height, its recurrent short-lived foliage and 
flaming inflorescence, is a familiar and striking form of the south-western 
desert areas. From the morphological and taxonomic standpoints, it has been 
fully described (i, 2, 3), and certain aspects of its physiology have also been 
discussed (4, 5) ; but with regard to the detailed anatomy of the genus, I have 
been unable to find anything but a few scattered references (6). 

In the present paper, the structure of the plant as a whole is briefly re- 
viewed, and certain characteristic features, such as the development of the 
corky layers and the distribution and structure of the peculiar water storage 
cells present in the cortex, are described in greater detail. 

The striking appearance of the stem of the ocotillo (text fig. i) is due to 
the reticulate pattern formed by the corky layers. The smooth hard spines 
which originate from the petioles (2, 3) are spirally arranged, and pass 



Text Fig. i. Habit sketch (X of leafless branch, showing spines, axillary 
buds and terminal bud scars. 

downward at their base into the tapering lenticular ridges of the stem. In 
the current shoot, these islands of smooth cork are separated by a continuous 
network of furrows, and the outline of the stem, as seen in transverse section, 
is therefoi'e sinuous (text fig. 2). Later on the furrows are filled out and 
broadened, until they first of all equal, and finally surpass the ridges in extent, 
and so form the conspicuous reticulum of ragged cork of the older stem, 
48 673 
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This characteristic pattern, as might be expected, is repeated in the distribution 
of the underlying tissues. Thus, when the cork is removed, it is seen that 
the photosynthetic tissue beneath is stamped with the same design. A con- 
tinuous network of darker green follows the course of the ragged cork, and 
represents the maximum thickness of chlorencliyma. The intervening mesh- 
areas, shaded by the dull lirown of the thorn bases and their ridges, are lighter 
green in colour, and the assimilating tissue here is only half as deep. They 




Text Fig. 2. Transverse section (diagraminatic) of a current shoot segment, show- 
ing the outlines of the stem surface, the stele (x^), the axillary bud vascular supply 
and the position of the water storage cells (tv. a'.) in the cortex. 

Text Fig. 3. Transverse section of laminated cork. Filirous cork, clear; suberized 
cork, shaded. 

are further distinguished by a definite horizontal septation, particularly no- 
ticeable in the older shoots (6). The reticular jiattern is again re|)eated in 
the distribution of the water storage cells of the cortex. These cells are 
visible to the naked eye in a gross transverse section of the stem, where 
they appear as small pellucid circular or elliptical areas in the cortex under- 
lying the stem furrows ; that is to say, they occur in the same sectors which 
comprise ragged cork, stone cells, and the ma.Kimum development of photo- 
synthetic tissue (text figs, 2, 5, 6). 

The shoot of ocotillo is dicotyledonous in type, with normal secondary 
thickening (6). The epidermis of the current shoot is very soon replaced 
by cork, which originates from a cork camlfium in the outer cortex. This 
cambium is at first discontinuous in activity giving rise at the beginning to 
the Stem ridges, and only later to the ragged cork of the furrows. In the 
ragged cork of the older shoot a very distinct lamination is at once apparent, 
which is bound up with the intermittent seasonal growth characteristic of 
the genus. Leaf formation, as has been pointed out (4, 5), depends directly 
on water supply, so that, under natural conditions in the field, the number of 
crops of leaves per year is the same as the number of intermittent rains. The 
rapid unfolding of the new leaves is naturally accompanied by certain struc- 
tural changes in the stem, such as the splitting of the older superficial cork, 
and its replacement by new suberized cell layers, and also by the further 
development of vessels in the xylem. The appearance of lamination in the 
cork is due to the juxtaposition of two different types of cells (text figs. 3, 4). 
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At the l)eg'inning of each burst of growth, the cork cambium opposite the 
ragged cork l)ecomes intensely active, and gives rise to four or five rows of 
thin~walled cells. Fatty .substances accumulate within these cells, impregnate 
their untliickened walls, and finally harden into a compact layer of suberin, 



Text Fig. 4. Detail of figure 3, showing the junction of fibrous cork (above) and 
the unthickened cork cells of the early growing season (center) developing from the 
cork cambium (below). 

Text Fig. 5. Transverse section of portion of stem (diagrammatic), showing the 
beginning of the axillary leaf vascular supply (center), and the position of the water 
storage cells (to. s.). 

which stains brilliantly with Sudan III. As fat and suberin formation begin 
to slow down, carbohydrate metabolism supervenes, and a typical fibrous 
cork is now developed, not along the furrows only, but continuously beneath 
the ridges all around the circumference of the stem. In t ran verse section the 
cells of this cork are thin walled and roughly rectangular in outline. As is 
seen from micro-chemical tests only the middle lamella is suberized, and the 
wall thickening is due to a heavy lining of cellulose. When macerated, or 



Text Fig. 6. Transverse section (diagrammatic), showing the orientation of the 
phloem groups with reference to the water storage cells, x, xylem; r, cambium; 
phloem; w. s., water storage cells; c. c., cork cambium; c., suberized cork. 
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when seen in longitudinal section, the cells appear as short fillers, pointed at 
both ends, with occasional narrow pits, here and there, obliquely 011 the cell 
walls. As the water supply of the plant becomes exhausted, growth slows 
down and eventually ceases, and the leaves are finally shed. With the onset 
of the next rain the whole process is repeated; the overlying corky layers are 
split, and the result is the familiar raggedness of the furrow liark. The zone 
of ridge bark is comparatively narrow, and the lamination is much less ob- 
vious. The tissue here is made up entirely of the above descrilied fil irons 
cork cells, which vary slightly in size at the beginning and end of the growth 
period. 

Next to the cork cambium lies the cortex, which includes collenchyma, 
stone cells, photosynthetic tissue, and water storage cells. Idle collenchyma 
forms an inconspicuous ring one to three cells in depth. Isolated groups of 
stone cells occur in the cortex beneath the ragged cork. The main bulk of 
the cortex is taken up by a photosynthetic zone, which varies in depth beneath 
the smooth and ragged cork, and which passes gradually into typical cortical 
parenchyma. Throughout this tissue there ramifies a continuous netwmrk 
of water storage cells. On carefully dissecting away the surrounding green 
cells, the reticular path of the water-storage cells is at once exposed. The 
reticulum follows the line of distribution of the ragged cork, as is apparent 
in the photograph of the dissected stem (text fig. 7). The nodes of the net- 
work coincide with the actual nodes of the stem, so that the leaf axils are 
surrounded by water storage tissue. When examined under the microscope, 
the cells are easily distinguishable by their larger size, and also by their con- 
tents. The reaction with Sudan III points to the presence of fatty sub- 
stances throughout the. stem as a whole, but the water storage cells are con- 
spicuous in that each contains a single large drop of oil, often approximately 
equal in diameter to the cell nucleus. Smaller droplets are only rarely ob- 
served. The cell walls remain uncolored, in marked contrast to the deeply 
stained, and therefore fat-impregnated, walls of the surrounding tissues. 
Further differences in content are seen on the application of Fehling’s test 
(7), and also of iodine-potassium-iodid. With the former a deep copper-red 
precipitate indicates the presence of reducing substances, presumably sugars, 
which are conspicuously lacking in the neighboring cells. The iodine test, 
as might be expected, reveals an almost complete absence of starch grains 
in these sugar-containing cells, while in the remainder of the cortex, partic- 
ularly in the outermost layers and also next to the phloem, starch is very 
abundant. It is highly probable that the distribution of fat, sugar, and starch 
as here described is not constant throughout the growing periods or through 
the year as a whole. 

The stele is of the usual dicotyledonous type (6). In transverse section, 
the phloem cells appear as irregular triangular wedges, separated by the cen- 
trifugally broadening rays, the apices of the triangles in general converging 
toward the water storage cells. This convergence is in line with the general 
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reticular pattern of the stem as a whole (text fig. 6). Seasonal growth rings 
are obvious in the xylem and in general equal the number of the laminae of 
the cork. The cells which make up the vascular cylinder are in no way un- 
usual in type. Lateral sieves are present on the sieve tubes. Border pitted 
vessels (6) and fibers make up the bulk of the xylem. Horizontal septation 
of the surrounding cortex and of the enclosed central pith is observed (6). 

The vascular su])ply of the axillary leaves is depicted in text figure 5. 
Composite strands of xylem and phloem spring off from the central stele, 



Text Fig. 7. Photograph of dissected stem, showing the reticulum of water storage 
cells (X i). 

ramify, and diverge upwards and outwards towards the base of the spine 
and the leaf axil. In transverse section they appear first in a horse-shoe, 
and at a higher level in a ring. The water storage cells are seen to be in 
close connection with the vascular branches. Isolated groups of stone cells 
are also abundant in the leaf axils (text figs. S, 6). 

The structure of the root is in no way unusual. Lamination of cork is 
present here, as in the stem, but the cork cells are not of the fibrous type. In 
the older root water storage cells do not appear in the disintegrating cortex. 
The youngest stages of root development, owing to present lack of material, 
have not been examined. 
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The outstanding physiological character of the desert ocotillo is its extreme 
promptness in producing leaves immediately after an increase of the water 
supply. Such an habit implies very efficient water conduction and high meris- 
tematic activity, the latter necessarily dependent on a readily availal)le food 
supply. Cannon (4) states that forty-eight hours are sufficient for the bare 
branches of an ocotillo shrub to become completely clothed with leaves. The 
network of water storage cells, since they contain an al)undance of water, oil, 
and wSUgar, and since they are in close proximity to the nodes, presumably 
function in this connection, and directly facilitate this rapid development. 

Summary 

The anatomy of the stem of Foiiqiiieria splendens is that of a typical 
dicotyledon, but possesses certain unusual features. 

The characteristic pattern of the stem surface is due to the reticulate dis- 
tribution of smooth and ragged cork. The former is made up of filirous 
cork cells only, while in the latter, markedly laminated layers of non-fil)rous 
heavily stiberized cork cells alternate with the fibrous cells. The heavily 
suberized layers are developed at the first onset of the growing period. 

The maximum thickness of the underlying cortical chlorenchyma follows 
the reticular distribution of the ragged cork, and beneath this tissue lies the 
network of water storage cells with their reserve of water, oil, and sugar. 

The distribution of the water storage cells and their content of reserve 
material are probably important factors in the rapid development of the 
foliage of this species after an increase of the water supply. 

University op California at Los Angeles 
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A NEW CYCADEOID FROM NEW JERSEY 


M. A. Chrysler 

(Received for publication February 24 , 1932) 

Source 

The material whidi forms the l)asis of this account was collected in Jan- 
uary 1930 at the Hampton Cutter clay pit at Woodbridge, New Jersey, by 
Mr. Will. I i. Koch, a niemtier of a party from the Cieological Department 
of Rutgers University. The fossil was submitted to Professor A. O. Hayes 
of the Department of Geology, who very kindly turned the specimen over 
to the ivriter for purpose of identihcation (Chrysler, 1931). It is a pleasure 
to acknowledge my indelitedness to these two workers. 

The Hampton Cutter ])it is well known to paleobotaiiists, for it furnished 
many of the fossil leaves which formed the subject of Newberry’s nionograpli 
of 1895 on the Flora of the Anilioy Clays (Newberry, i8()S). A large 
amount of clay has been removed from this pit, and in recent years few leaf 
impressions have been found, but instead a large number of pieces of lignitic 
wood, small branches, cone-scales and seeds. Within the past few months 
however fossil Angiosperm leaves have again been found. This is probably 
explained by the varying Cretaceous topography of this large pit. The 
active interest and cooperation of Mr. Hampton Cutter, owner, and Mr. Roy 
E. Anderson, superintendent of the pit, have been of much service to botanists 
and geologists alike, and their help is gratefully acknowledged. 

The geological horizon represented in the Woodbridge pits is the Raritan 
formation of the upper Cretaceous, which here rests directly upon the red 
shales of the Triassic period. From evidence supplied by molluscs, the 
Raritan formation is believed to be an estuary deposit (Newberry, 1895, p. 22), 
The recent discovery of dinosaur tracks at Woodbridge confirms this view. 
The clay deposits in question outcrop in a belt extending from the Delaware 
River to Raritan Bay, thence across to Staten Island, where the material was 
obtained for the monograph on Cretaceous conifer remains by Hollick and 
Jeffrey (1909). 

External Features of the Fossil 

The specimen as received by the writer consists entirely of lignite with a 
few imbedded pieces of pyrite, and represents a short apical region of a trunk 
with attached leaf-bases. The drying up of the specimen had already caused 
it to break into a larger lower and small upper portion (text fig. i), and the 
leaf -bases were beginning to split up. The general appearance is shown in 
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text figure i, representing a view from aliove, and figure 2, taken from l)elow. 
The latter clearly shows that only about half of the horizontal extent of the 
trunk is preserved. The fossil has a diameter of 180 mm. The friable nature 
of the material indicates that the tips of the leaf -bases have lieen worn away, 
so that the original diameter of the specimen was proliably well over 200 mm. 
The diameter of the trunk proper is 85 mm, while the height of the fossil i? 
no mm over all. 

Finding that the specimen had excited considerable interest, Mr. Koch 
returned to the clay pit in the course of a few days, and secured further 
material at a distance of not more than three feet from the location of the 
earlier discovery. The latter collection consists of about a dozen detached 
pieces, some of which are represented in text figure 3. It was at once recog- 
nized that the state of preservation of these pieces is superior to that of the 
larger fossil, and they form the basis of much that follows. Evidence for 
considering that they are detached leaf-bases from the same trunk as the 
large specimen will be presented later. These pieces measure about 50 mm 
long by 18 mm wide; they are 4 mm thick along the median ridge, and thin 
off at each edge, so that a traiivsverse section (text fig. 5) shows a more or 
less rhomboidal or spindle shape. What appears to be the liasal end of the 
pieces is rather flat or scale-like, wdiile the outer or distal end is more quad- 
rangular. 

The scale-like leaf-bases forming part of the large specimen bear evidence 
of having been much flattened and deformed through pressure. A number 
of them have been pried off, but the periderm formation to be described has 
resulted in the splitting off of flake-shaped fragments, rendering the original 
form hard to demonstrate. Certain superficial markings among the leaf- 
bases suggested that they might be the apex of fructifications. The most 
promising of these was removed, imbedded and sectioned, but no evidence 
of a reproductive axis with sporophylls or seeds could be found. It is con- 
cluded that these regions are merely leaf-bases in which the periderms have 
cut off more or less concentric lamellae, so that no evidence has been found 
against the opinion that the specimen was not yet producing fructifications 
at the time of fossilization. It is of course possible that only the apical 
region was sterile, and unfortunately that is the only region represented in 
our specimen. 

Methods of Study 

Since the material is definitely lignitic, and shows only scattered deposits 
of pyrite, the celloidin method (Jeffrey, 1917) is applicable. After a thor- 
ough treatment with hydrofluoric acid the leaf -bases were slowly infiltrated 
with celloidin and softened in a mixture of glycerin and alcohol. It was 
found possible to cut some of the sections as thin as seven microns. Chlorine 
water was used to bleach sections, but it was found that when sufficiently thin 
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they showed detail quite well if dehydrated and mounted in euparal. In 
photographing the sections, the value of a green filter passing light of 4600- 
6000 A.U. was amply demonstrated. 



Text Fig. 3. Some of the detached leaf-bases found near the large specimen. X 3/5. 

Structure of the Leaf-Bases 

Course of the Bundles 

Serial sections have been cut through several leaf-bases, and from these 
it has been found possible to trace the characteristic method of branching of 
the bundles. In the sections taken nearest the base of the petiole five bundles 
are present (text fig. 4 A) ; this condition will later be referred to as stage 
III. These bundles are: a rather flat dorsal (abaxial) strand, two .stout fan- 
shaped laterals, and two ventral strands. In each of these the xylem faces 
the middle of the leaf-base, and there is a considerable layer of secondary' 
xylem. Very soon the dorsal strand splits off a small branch from each edge 
(as Lignier says, it trichotomizes ; this represents .stage V. Soon after- 
ward each of the laterals likewise splits into three. At a point somewhat 
further out each of the two ventral strands “dichotomizes,’’ rotating mean- 
while slightly toward the centre of the petiole (fig. 4 B)\ One of the 
ventral bundles may lag behind the other in its splitting, as is evident from 
the figure. Each of the laterals next trichotomizes a second time (fig, 4 C) . 
This process occurs in general yet a third time (fig. 4 D). It is obvious that 
in this region of the leaf -base the activity is restricted to the lateral strands. 
No further division of the dorsal bundles occurs, but somewhat further out- 
ward (fig. 4 E) it may be seen that each of the four ventral strands has di- 
vided, and three of the resulting strands on each side of the median line have 
turned definitely toward the centre of the leaf-base. No further divisions 
of the bundles has been observed, and it is probable that about twenty-five 
bundles constitute the normal petiolar supply. The resemblance of the bundle 
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plan to that of Bennettites gihsoniamiSj as figured by Carruthers (1870, PL 
60, fig. 7), is striking. Among the diagrams of petioles included in Wieland's 



Text Fig. 4. Outline drawings showing course of the leaf-trace bundles, drawn with 
camera lucida. Xylem region of each bundle is left blank, phloem shown black. The 
dorsal (abaxial) side of the leaf-base lies below. Explanation in the text. 


(1906) text figure 33, the Woodbridge specimen resembles Cycadeoidea tur- 
rita rather closely. The bundle plan thus establishes the claim that we are 
here dealing with a species of Cycadeoidea. 





Text Fig. 5. Section through leaf-base at about the level of text figure 4E, 

planation in the text. X 5 - 
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Structure of the Bundles 

As appears in Plate XLIX, figure 13, the greater part of the volume of 
a bundle is occupied by secondary xylem, consisting of tracheids squarish in 
section, with a ray forming every second or third radial row. It has not been 
possible to make out any wood-parenchyma; Wieland makes no reference to 
such cells, and his figures show none. The region of the cambium can be 
made out, although this is badly disorganized ; also the phloem, not all of which 
is secondary. There is no certain indication of phloem fibers, for it is difficult 
to distinguish between the brown contents of cells and a possible secondary 
wall when the contents does not altogether fill the cell-cavity. In the broad 
bundles found in the basal region of the petiole, little or no primary xylem 
can be made out, but an ill-defined mass occurs on the side of the secondary 
xylem next the pith. Figure 15 shows the median (abaxial) bundle from 
the distal region of the leaf-base. In addition to the usual mass of secondary 
xylem, there is visible on the inner face of this a group of elements making 
up the primary xylem, which is apparently centripetal, judging from the large 
tracheids along the inner edge. It will be noticed that the primary phloem 
is also particularly well developed. The marked resemblance of this type of 
bundle to the ones found in the megasporophyll of certain species of Cycas 
has already been pointed out by Wieland (1906, p. 65). Plate XLIX, fig- 
ure 14, which is here introduced for comparison, shows a bundle from the 
basal region of the megasporophyll of Cycas ckcinalis, obtained at the New 
York Botanical Garden through the courtesy of the Director. The secondary 
xylem of this bundle is strongly developed, and has a small amount of centrif- 
ugal primary xylem applied to its inner face; separated from this by a zone 
of parenchyma cells is the much better developed centripetal xylem consisting 
of the protoxylem and a group of metaxylem elements which are the widest 
of the whole bundle. It was long since figured by Mettenius (1861) that in 
Cycas revoluta the proximal region of a leaf trace contains much secondary 
xylem, and as a bundle is traced outward the centripetal elements gradually 
increase while the centrifugal ones disappear. My own observations on 
Microcycas indicate the same sequence. The secondary xylem of the cycad 
petiole appears to be a feature carried up so to speak from the central cylinder 
of the stem for a short distance into the petiole, where it gradually disappears 
and is replaced by the centripetal xylem which is so characteristic of the rachis 
of a cycad leaf. 

By employing sections of thickness from five to seven microns, it has 
been possible to make out with certainty the nature of the secondary wall of 
the tracheids. These elements are prevailingly marked by tightly wound 
spirals merging into scalariform thickenings. Narrow tracheids frequently 
show a single row of pits ranging from circular to ovoid and slit-shaped, and 
in some cases obviously bordered (fig. 9). A relatively small number show 
alternate pits which may or may not show a distinct border. No reference 
to pitted tracheids in the leaf-base has been found in the earlier accounts. 
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Carruthers (1870) and Lignier (1901) describe or figure their species as 
showing scalariform tracheids. In the xylem of the trunk of C. Paynei pitted 
tracheids are present, as shown in Wieland^s plates (vol. 2, Pis. 34, 35). The 
situation appears to exactly parallel what is found in modern cycads, where 
the stem wood of most of the genera is characterized by pitted tracheids, while 
the petioles show mostly scalariform elements, in accordance with the law of 
conservative organs (Chrysler, 1926). But just as the genera of modern 
cycads differs from one another in this respect, the presence of pitted tracheids 
in the petiolar strands of the New Jersey specimen may point to its being a 
different species from the ones previously described. 

In a few cases well-defined structures resembling tyloses have been ob- 
served, taking the form of proliferations extending from what are probably 
ray cells into an adjoining tracheid (PI. XLVIII, figs. 7, 8). Tyloses ex- 
tending from ray cells into tracheids of Pinus have already been described 
by the present writer (Chrysler, 1908). It is of course possible that these in- 
trusions merely represent regions where fossilization has brought about a rup- 
ture of the wall of a tracheid through which the products of decomposition 
of the xylem protrude, although the appearance is very suggestive of tyloses. 

Periderm 

One of the most conspicuous features of our fossil is the layer of periderm 
which surrounds the leaf -bases and sends branches into the interior. The 
general appearance of these layers is shown in text figure 5, where a band 
of periderm may be seen along the upper edge of the section, also along the 
lower right edge. The right wing is being cut off by an internal layer. Aris- 
ing near the lower left edge is another layer which traverses the section in a 
curve and again joins the lower edge toward the right of the section. The 
lower left region of the section is not provided with periderm, but there ap- 
pears instead a layer of ramenta, to be described later. On the lower side 
of the right edge is a dark line, representing a patch of ramenta external to 
the periderm. The superficial layer occurs at all levels of the leaf-base, being 
visible in the sections cut from the proximal region, and extending to near the 
distal end, where the state of preservation becomes unfavorable. The internal 
or invading layers become noticeable only at some distance from the base, for 
instance at about the level represented in text figure 4 D, but from this point 
outward they are frequent. Their course varies from one level to another, 
and the general plan differs in different leaves. As would be expected, these 
internal layers arise subsequent to the formation of the other tissues ; this is 
shown by the fact that they pass through vascular bundles. It is apparently 
due to these invading periderms that the attached leaf -bases are so seriously 
broken up into scale-like portions. To what extent this breaking up of the 
leaf -bases occurred in nature would be hard to say, but it is a matter of 
common observation in modern cycads such as Dioon that the leaf-bases are 
cut off by successive layers of periderm (Chamberlain^ 1911, p. 85). Both 
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the external and internal layers of periderm appear to be an unique feature 
of the Woodbridge fossil. 

The thickness of the superficial periderm varies, and usually measures 
approximately 0.3 mm. The cells have the flattened form and radial arrange- 
ment characteristic of phellem, and are in as many as sixteen layers. The 
walls have suffered some distortion, but are otherwise well preserved; they 
are usually arched outward. In some cases the original cuticle of the petiole 
may clearly be seen, as in figure 17, where it appears as a broad light-colored 
line between periderm and ramenta. The cells lack the dark brown decompo- 
sition product which fills the cells of the fundamental tissue, but frequently 
a large number of small granules are present. 

Ramenta 

Covering the leaf-bases, and still adhering even to the detached bases, is 
a well-defined layer of ramenta. These are uniformly one cell in thickness, 
and have a wddth of 10-12 cells, tapering off to a thin edge on each side 
(fig. 12). The walls are light brown, and a dark brown substance may or 
may not occupy the cell-cavity. This is apparently a decomposition product 
similar to what occurs in the fundamental and vascular tissues. The thick- 
ness of the walls is fully twice that of the cells of the fundamental tissue. 
The ramental layer frequently lies outside the periderm, but may also be 
seen against the epidermis of the leaf -base in areas where the periderm is 
absent (fig. 12). It is probable that the number of cells in the thickness of 
a ramentum is a diagnostic feature of importance; C. mucromyela like the 
Woodbridge specimen has ramenta uniformly one cell in thickness, while 
Bennettites gibsonianus and some of Wieland's species show ramenta several 
layers thick. 

Stomata 

These are best seen in the longitudinal sections. In regions where the 
epidermis is still intact there have been found pairs of thick-walled accessory 
guard cells curved toward one another and projecting slightly above the level 
of the epidermis (fig. 18) ; between these at a slightly lower level is the pair 
of guard cells whose walls are only moderately thickened. The stomata are 
covered by the ramental layer, and are of a xerophytic type, somewhat re- 
sembling the stomata of the leaf of 

Secretory Canals 

Wide ducts of the schizogenous type are to be seen throughout the ma- 
terial (figs. 6, II ), and the state of preservation is frequently very good. 
While there is no actual evidence, it is probable that the ducts contained gum. 
They are generally filled with a decomposition product which in some cases is 
darker than that of the adjoining cells. 
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Fungus 

Certain of the leaf -bases are found to be attacked by a filamentous fungus, 
which is in fossilized condition like the host, having the same brown color, 
or at times a smoky tint verging to black. The fungus occurs beneath the 
layer of ramenta (fig. 10), or occupies cell-cavities or the lumen of tracheids. 
From the color and position of the fungus, it appears probable that it was 
parasitic, but further inferences would be unwarranted. 

Structure of the Axis 

A sample of the axis of the large specimen was imbedded and sectioned. 
It was found that the condition of preservation was quite unsatisfactory, but 
it was possible to recognize the vascular cylinder and to make out the scalari- 
form tracheids, together with very numerous short ray cells. 

Discussion 

It will now be in place to review the evidence for the opinion already ex- 
pressed, that the detached leaf-bases actually belong to the larger specimen. 
First, the detached pieces were secured from within two or three feet of the 
larger piece. Second, ramenta and secretory canals are the same in both 
pieces. Third, the periderm with its habit of cutting off scale-like fragments 
is characteristic of both. Finally, the arrangement of vascular bundles is 
similar as far as can be made out, in view of the poor preservation of the 
attached leaf-bases. It seems safe to conclude that some leaf-bases became 
detached, and thereby enjoyed an advantage in the matter of preservation. 

The arrangement of the vascular bundles of the leaf -bases, the structure 
of these bundles, the ramenta, and the secretory canals establish the identity 
of this fossil as a species of Cycadeoidea. A noteworthy feature is the pres- 
ervation of the plant as a lignite, a condition which is practically unique among 
cycadeoids. An approach to this is seen in the example from Alberta, Canada, 
and is described by Wieland (1921) under the name C. St ember gii thus: 

cast and carbonized portions of a large armour fragment.’’ Although it was 
not possible to prepare sections of the Alberta fragment, we have been ex- 
ceedingly fortunate in being able to apply the celloidin method to the New 
Jersey specimen, and thus secure sections which can be readily studied under 
high power. Although much coniferous lignitic material has been secured 
from the Cretaceous deposits of Staten Island, N. Y., and described by Hoi- 
lick and Jeffrey (1909), there are no previous records of the finding of 
cycadeoid trunks in this region. And yet the occurrence in the Woodbridge 
pits of leaflets referred by Newberry (1895) to Podozamites would suggest 
the eventual discovery of cycad trunks of some description. The statement 
of Berry (1910) may be quoted in this connection : All of the Raritan species 
of Podozamites, in common with those from other localities and horizons, 
which are based on detached leaflets, are extremely unsatisfactory from the 
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standpoint of the botanist, since their true position remains doubtful/'' Refer- 
ence to Newberry’s figures (PI. XIII) will show that the fragments of leaflets 
were deficient in clear diagnostic features, and may possilily have lielonged 
to cycadeoids such as our specimen. Until the finding of the New Jersey 
specimen, the only cycadeoids reported from eastern North America were the 
ill-preserved cast from the Triassic of Prince Edward Islaiid, named C, 
abequidensis by Dawson (icSyi), and the magnificent silicified trunks collected 
in Maryland in i860 and succeeding years (Fontaine, 1889). 

In view of the fact that the Maryland stations are only aliout two hundred 
miles from New Jersey, the question arises whether our specimen is the same 
species as any of the nine species recognized by Ward (1897, 1905) among 
the collections from Maryland. Bearing in mind Wieland’s mature analysis 
of the criteria of Cycadeoid species ’’ (1916, p. 9), it appears dear that any 
expression on this point must be premature, because the criteria which have 
been adopted in distinguishing the Maryland species are mostly lacking in 
our specimen, while, the plan of the vascular bundles and the structure of the 
ramenta, so plainly shown in our material, are not figured for the Maryland 
specimens. It is easier in fact to compare our leaf-bases with those of Dakota 
species, or especially with C. micromyela Mor., a silicified fossil from the Lias 
of Calvados, in which Lignier (1901) found the following condition: the leaf- 
trace begins as a simple strand (for convenience we will designate this as 
stage I) made up of a small central and two much larger lateral pieces which 
soon separate from the median (dorsal) portion (stage 11 ). The laterals 
next divide (stage III), and each ''dichotomizes’’ (stage lA"), while the 
dorsal strand " trichotomizes ” (stage V), thus giving rise to a system of 
eleven bundles. It has been shown in the context that the Woodbridge spec- 
imen differs from C. micromyela not only in having abouty twenty-five strands 
instead of eleven, but also in the method of branching of the leaf-trace. Up 
to stage III, in which five strands are present, both specimens behave alike, but 
following this there is in our specimen a pronounced difiArence in the behavior 
of the lateral and the ventral bundles, for while the latter fork or "dichoto- 
mize,” the lateral bundles " trichotomize ” repeatedly; that is, the laterals keep 
on splitting off small bundles from their flanks. Stage IV is thus variable 
according to the species concerned. Stage V, in which the dorsal strand 
splits off a small bundle from each flank, is found in both specimens. The 
extent to which the branches of the ventral bundles turn inward is about 
as great in our specimen as in any of the species figured by Wieland, and 
much greater than in C. 

Piecing together the various sources of information, it appears that in 
the leaf-trace begins as a single curved strand (stage I), wdiidi 
while still in the cortex divides into three (II) ; each of the outer strands 
divides, producing a curved row of five bundles (III). There is thus estab- 
lished a system consisting of a median (abaxial) bundle, on each side a 
lateral, and on the adaxial side a pair of ventral bundles. Each of these three 
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displays its individuality — the median bundle trichotomizes once, the laterals 
may or may not trichotomize several times, while the ventrals may dichotomize 
and in many species turn inward in marked fashion. 

It is certain that the Woodbridge specimen is not C. micromyela. We 
cannot at present compare our specimen with the Maryland trunks. Among 
the Dakota species, Wieland's C. Hirrita has about twenty-five petiolar strands 
arranged much as in our specimen, but Wieland considers the status of C. 
Htrrita to be uncertain (1916, p. 93). Bennet tiles gibsoniamis has a petiole 
built on about the same plan, but the ramenta are three cells thick. Moreover 
the very numerous and conspicuous layers of periderm in the New Jersey 
material appear to be an altogether unique feature. These differences appear 
to warrant the establishing of a new species for our fossil. It has been 
thought well to make the name indicate the most conspicuous feature. A 
condensed description follows. 

Cycadeoidea peridermalis, n. sp. 

Trunci apice brevi cum foliorum basibus, nonnullis segregatis; fructi- 
ficationibus nullis; substantia lignosa; basibus foliorum prope recta linea ab 
axe trunci protendibus; sectione transversa rhombi forma ; basibus foliorum 
periderma et exteriora et interiora exhibentibus ; ramentis unius cellulae lati- 
tudinem habentibus; fasciculis circiter quinque et viginti; ligno fasciculorum 
secundario copioso, primario raro; tracheideis plerumque scalariformibus. 

Short apical region of a trunk with leaf-bases, some of which are detached. 
Fructifications apparently absent. Material is lignite. Total diameter 180 
mm, diameter of trunk 85 mm. Leaf-bases extend nearly at a right angle 
with axis of trunk, except the uppermost ones. Length of detached leaf- 
bases 50 mm, width 18 mm, thickness 4 mm at the middle, transverse section 
more or less diamond-shaped. All leaf-bases show in thin section both an 
external layer of periderm and several internal layers which eventually cut 
off irregular flakes, thus destroying original form of organ. Ramenta uni- 
formly one cell in thickness. Secretory canals of the schizogenous type are 
abundant. Branches of the leaf-trace number about twenty-five, arranged 
parallel to surface of leaf-base, but the ventral ones turn strongly inward. 
All bundles show considerable secondary xylem, but little or no centripetal 
xyleni. Tracheids mostly scalariform. A fungus, probably parasitic, is 
present locally in and upon the superficial cells of leaf-bases. 

Occurrence, — Raritan formation, Cretaceous. Hampton Cutter clay pit, 
Woodbridge, Middlesex County, New Jersey. 

Collection. — Department of Botany, Rutgers University. 

The discovery of a cycadeoid in the Cretaceous of New Jersey raises anew 
the question of climate which was prevalent in this region during the period 
concerned. It is of interest to note that Wieland has summed tip the impli- 
cations of his extended survey of cycadeoid localities thus: “It is probable, 
however, that for Cretaceous time, the period of driest intra-continental 
climates is marked by the culmination of the cycadeoids. ... No other fossil 
plants are more obviously xerophyllous.'V (Wieland, 1921, p. So.) Refer- 
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ence is made here no doubt to the stem habit and leaf structure, both of which 
have been exhaustively described in Wieland's monograph. If the canals 
distributed through the leaf-base secreted mucilage, this may be cited as an 
additional xerophytic feature, while the profuse ramentum and the outer 
periderm layer may point in the same direction. As to the other plants found 
associated with the New Jersey specimen, some are impressions of dicotyle- 
donous leaves with no structure preserved, while conifers of highly xerophytic 
type such as Widdringtonites (Hollick and Jeffrey, 1901), PL 5) were well 
represented. If the flora of the Woodbridge region is fairly indicated by the 
coniferous remains found by Hollick and Jeffrey in the adjacent pits of Staten 
Island, we may picture a region having more the aspect of a dry than of a 
mesophytic woodland. Evidence is not lacking to show that warm climates 
extended much further north than New Jersey during the Mesozoic, and the 
finding of a cycadeoid adds to the evidence for dryness. 

Summary 

1. A lignitic cycadeoid is reported from the Cretaceous of New Jersey. 
This specimen is unique in its location, method of fossilization, and in certain 
features of internal structure. 

2. By means of serial sections the course of the leaf-trace bundles has 
been followed in the leaf-bases. 

3. The structure of these bundles and of the unusual periderm layers is 
described, and it is concluded that this fossil constitutes a new species of 
Cycadeoidea. 

4. A fossil fungus is associated with the leaf-bases. 

The writer wishes to express his sense of obligation to Dr. Arthur Hollick 
of the New York Botanical Garden, and Professor G. R. Wieland of Yale 
University, for the assistance they have so kindly rendered during the progress 
of this work. 

Rutgers University, 

New Brunswick, New Jersey 
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EXPLANATION OF PLATES 

Plate XLVIII 

Fig. 6. Region near edge of leaf-base; transverse section showing external peri- 
derm, also one of the internal periderms stretching across the section and connected with 
the external layer. Two of the gum canals are visible as large blank spaces. X 25. 

Fig. 7. Detail of secondary xylem of a bundle; longitudinal section, showing 
scalariform tracheids, rays, and apparent tyloses. X 280. 

Fig. 8. Tracheids and ray, with apparently the beginning of tylosis formation. X 

375. 

Fig. 9, Pitted tracheid from longitudinal section. X 375. 

Fig. 10. Hyphae of fungus, lying in this instance between epidermis and ramenta; 
longitudinal section. X 280. 

Fig. II. Internal periderm and three gum canals which show typical schizogenous 
formation. X 60. 

Fig. 12. Ramenta lying directly upon epidermis; no periderm is present in this 
region. Tranverse section. X 120. 

Plate XLIX 

Fig. 13. Bundle from middle region of leaf-base; transverse section, showing 
phloem above, secondary xylem making up greater part of bundle, and primary xylem 
below. X 90- 

Fig, 14. Bundle from stalk of megasporophyll of Cycas circmalis, introduced for 
comparison. The secondary xylem is seen flanked on the outer side by secondary 
phloem, and on the inner side by primary xylem most of which is centripetal X Bo, 

Fig. 15. Dorsal bundle from upper region of leaf-base, showing unusually well pre- 
served phloem, also primary xylem. X 90. 
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Fig. 16. Detail of secondary xylem in transverse section, sliowin.e tracheids and the 
numerous rays with cells filled with decomposition product. X 225. 

Fig. 17. Outer region of leaf-base, transver.se section. Alxive are a niunher of 
ramenta, lying against the epidermis with its cuticle; below this is the periderm, followed 
by parenchyma, the cells as usual filled with dark-brown dec.om])ositiun product, >■' 125. 

Fig. 18. Stoma with guard cells and accessory guard cells, from longitudinal section 
through leaf-base. At the left are ramenta, and at the right the fundamental paren- 
chyma. X 210. 








THE MOVEMENT OF WATER TliROUGH SOME SUBMERGED 

PLANTS 1 


Hiram F. Thut 

(Received for publication March i, 1932) 

NumeroUvS data are available regarding the amount of water moving 
through land plants, liut very little is known concerning the movement of water 
through sul:)merged plants. 

The current of water moving through the water-conducting system of a 
plant, regardless of the force or forces causing the movement, has been termed 
the transpiration stream.’’ Using the term in this broad sense, rooted sub- 
merged hydrophytes as well as ordinary land plants have a “ transpiration 
stream.” In land plants this stream is associated primarily with the evapora- 
tion of water from the leaves. If other forces are involved, it must be ad- 
mitted that little is known about their relative significance. In submerged 
plants under normal conditions the factor of evaporation from the leaves is 
absent. In these plants, then, it is possible to measure the amount of the 
transpiration stream ” in the aljsence of evaporation. 

The object of the present study was (i) to obtain data as to the amount 
of water moving through submerged plants and (2) to locate, if not determine, 
the force or forces active in causing the water movement. 

Historical 

The first actual demonstration of water movement in submerged plants 
was probably carried out by Unger (1862). He thought it unreasonable that 
leaves of amphibious plants when exposed to air should act as organs of trans- 
piration and when suddenly submerged as organs of absorption. He post- 
ulated an upward current in water plants as well as in land plants and set 
up a demonstration experiment. Two vessels nearly full of water were placed 
side by side. The roots of a Potamogeton crispus plant were immersed in 
one vessel and the stem end bearing leaves was immersed in the second 
vessel. The central exposed portion of the stem was passed through a 
U-tube to prevent desiccation. At the end of eight days the weight of the 
water in the vessel containing the stem had increased 1.6 grams. By a similar 
set-up he found that the vessel containing the stem tnci oi RanimcUlus fluitans 
had increased .8 gram in eight days. 

According to Snell (1908), Wider (1892) attempted to verify Unger’s 
results by bleeding ’’ experiments on Elodea and Ceratophyllum, He con- 

1 Papers from the Department of Botany, The Ohio State University, No. 298. 

. 693. . ■■■, 
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eluded that Unger was correct. However, Wieler’s expcrinicnts were ques- 
tioned by contemporary workers liecause of his inconsistent results. 

Sauvageau (1891),, according to Arher (192a), hy sealing tlie cut end of 
stems of submerged plants with cocoa Iiutter and making certain no roots wc‘re 
present on the stems, found that even under these circumstances tla* shoots 
thrived and developed new buds. His results were in agreement with the 
current view that waiter is absorbed through the leaves and sttiii. ilowi‘ver, 
he concluded from a second experiment, in which a potomder method was 
used, that under normal conditions a definite upward current of water (exists 
in submerged plants. This second experiment has l;>een criticised by \'arious 
workers because the arrangement of the potometer might have forced water 
through the plant. 

The reduced and poorly developed water-conducting system of suhnKU'ged 
plants led many early workers to conclude that roots of water ] Tints art* mer(*ly 
holdfasts and that the plant obtains its water supply by ahsor]ition tlirough the 
total leaf and stem surface. Those holding this view were Schenck ('1886), 
Sachs (1887), Strasburger and others (1903), and Hanning (1912). 

The work of Unger w^as not accepted by Hochreutiner (1896) l)ecause 
he failed to show that the method of measurement wiis snfficitmtly accurate. 
Workers since then, including Hochreutiner, have conchulwh from data ob- 
tained by direct or indirect experimental methods, that a transpiration 
stream does exist in some sulnnerged plants. Hochreutiner devised the fol- 
lowing experiment : Two vessels were set adjacent to each other. The first 
contained an aqueous solution of eosin and the second contained pure water. 
Two cut stems of Ranunculus aqiiatilis were so placed that the first stem had 
1.5 cm. of its base immersed in the eosin and the tip in water, and the second 
stem had 9.5 cm, of its tip in eosin and the base in wiiter. After one and 
one-half days, eosin had moved into the first stem a distance of 9.5 cm. The 
second stem showed a coloration in only 3 cm. of the vascular system near the 
stem tip. Similar results w^ere obtained with several species of Potmnogeton, 
From these results Hochreutiner concluded that there is an upward current 
of w^ater in submerged plants. 

Some experiments similar in principle to those of Hochreutiner but more 
striking in results were performed by Thoday and Sykes (1909). By using 
cotton plugs, they fastened bulbs containing aqueous solutions of eosin to the 
cut ends of submerged branches of Pofamogeton lucens. After a definite 
interval of time they dissected the stem and examined it for eosin. Rates of 
from 5.7 to 9.5 cm. per minute were recorded. They concluded that there 
was a rapid water current in detached rootless stems of P. lucens and that this 
current was largely due to forces within the leaves. 

Pond (1903) and Snell (1908) carried out many indirect experiments 
on the same subject. They allowed some plants to become rooted in a sub- 
stratum and prevented others from rooting. Those plants that were allowed 
to root grew much better than those in which rooting was prevented. They 
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both concluded that the roots serve not only as holdfasts but also as absorbing 
organs for mineral salts. Snell stated further that under normal conditions 
there was an ascending stream of water which carried the mineral salts from 
the roots to the growing parts of the plants. His evidence for a transpira- 
tion stream in submerged plants is based on the assumption that such a 
stream is necessary for the transfer of mineral salts from the roots to the 
stem and leaves. 

Pond made one direct measurement of water movement through a Ranun- 
culus aqmtilis trichophyllus plant. He sealed the root tip of the plant in a 
bottle by using a split rul;)ber stopper. The amount of water absorbed by the 
root was measured by an indicator tube which was also inserted into the 
stopper of the bottle. The root used was 14 cm. long and covered with root 
hairs. It al)Sorbed 5 cc. of water in 24 hours. Readings were taken on two 
succeeding days and only this one set-up was made. This measurement by 
Pond and the two measurements by Unger represent the available quantitative 
data on the amount of water movement through submerged plants. 

Methods. 

A number of different methods were devised in attempting to secure 
quantitative data concerning the amount of water moving through submerged 
plants. A weight method and a volume method proved successful. These 
two methods gave consistent results and are described below. 

Measurement by Weight 

A diagram of the apparatus that was devised for the weight method of 
measurement is shown in text figure i. Two large-mouthed bottles (A) of 
two-liter capacity each were mounted, mouth toward mouth, several centi- 
meters apart on a board (B), The two bottles were connected by means of 
a large, bent-glass tube (C). A plant was placed in the tube so that the roots 
of the plant weredn one bottle and the stem tip was in the other. Sufficient 
water was added to each bottle to cover the ends of the glass connecting tube 
and the ends of the plant. The bottles were then stoppered with modeling 
clay (D). This clay ('* Plasteline ’') is an oil-clay combination which is 
practically impermeable to water. A small capillary-tipped glass tube (A) 
was inserted through each stopper to permit equalization of pressure. The 
amount of water loss through such a tube and seal was found to be less than 
experimental error. A glass U-tube (F) of small bore was inserted into the 
apparatus before it was finally assembled so that one arm of the small tube 
extended up to the bend within an arm of the large tube (C) and the second 
arm of the small glass tube extended through the clay stopper. This second 
arm was closed by using a short piece of rubber tubing and a pinch cock (U). 
By means of this tube the level of the water in the large glass tube connecting 
the two bottles could be adjusted. Changes of sunlight and temperature 
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caused bubbles to accumulate in the bend of the large tube. The air space in 
the bend of the tulie thus gradually increased. The water level was adjusted 
frequently to prevent having too much of the })lant exposed to the* air. 

The whole apparatus was supported by two knife-blade-edged blocks of 
wood (H) setting in the pans (/) of a torsion lialance (./ ). ( hie bottle of 

the apparatus was thus supported over each pan. If tlie balance was tip])<‘d 
from side to side the blocks of wood acted as fulcrums. 11ie apparatus was 
set with one pan of the balance slightly heavier than the other. Suriicient 
weights were then added to the second pan to tip the balance to that sirle. 
Only a slight tipping of the balance was used so that the water in the bottles 
remained practically undisturbed. Since the water in the two l)f)ttles was 



Text Fig. i. Diagram of weight method used in measuring the amount of flow of 
water through a submerged plant : A, large mouth bottle ; B, board ; C, large, bent, glass 
connecting-tube; D, modeling clay; E. capillary tipped glass tube; F, glass U-tube of 
small bore; G, rubber tubing and pinch cock; H, knife-blade-edged block of wood; /, pan 
of balance; J, torsion balance. 

separated by an air space in the center of the large glass tube, the transfer 
of water from one side to the other through the plant would cause a difference 
in the amount of weights required to tip the balance. This weight difference 
was used in calculating the amount of water transferred. Before each weigh- 
ing the size of the air space in the large glass tube was adjusted to the 
original weighing size. The tipping of the balance also bad to be adjusted 
to the original conditions. These factors were carefully checked as they 
affected the ease with which the balance was tipped. Weighings were accu- 
rate to .2 of a gram. 

The weight method experiments were performed in the greenhouse of the 
Botany Department of the Ohio State University. The experimental plants 
were grown in the greenhouse tanks. In transferring the plant from the 
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tanks to the apparatus great care was taken to prevent long exposure of the 
plant to the air. The roots were wrapped in cheesecloth to prevent the de- 
struction of small roots and root hairs. The apparatus and the contained 
plant were subject to the temperature and daily light fluctuations of the green- 
house. The temperature usually varied from 18-32° C. The plant part 
contained in the bend of the large glass tube was shielded from direct sunlight 
to prevent possible detrimental effects of the sunlight on the part exposed to 
the air. 

At the end of the experiment the differences of weight required to tip the 
apparatus from time to time were calibrated in terms of water volume by the 
following method : A known volume of water was inserted into the first bottle 
and the difference of weight required to tip the apparatus noted. An equal 
volume of water was then added to the second bottle and again the weight 
difference noted. By proportion, from the data thus obtained, the amount 
of water transferred by the plant was calculated. 

The results of one set-up are given below. An Elodea densa plant with 
a stem length of 60 cm. was used. The apparatus was set up November 13, 
1928. 


T.^ble I. Results Obtained by the Weight Method, from One Set-up of the Apparatus 


Date 

Temperature in Room 
at Time of Weighing 

Grams Required to Tip 
Balance to Root Side 

Nov. 13, 8 p.m 

19° c. 

122.8 g. 

Nov. 13, 5 p.m 

17° c. 

124.5 g- 

Nov. 22, 8:30 a.m 

19° c. 

125.4 g. 

Nov. 28, 10:30 a.m 

23° C. 

126.8 g. 

Dec. 5, 10:30 a.m 

20° C. 

128.3 

Experiment discontinued December 5, 1928. 



Ten cc. of water at 20° C. added to stem side required 13.3 grams on root 
side to balance and 10 cc. of water added to root side required 12.7 grams on 
stem side to balance. Ten cc. of water were thus equivalent to 13 grams of 
weight in this system. The difference in weight between November 13 and 
December 5 was 5.5 grams. Since 13 grams of weight equal 10 cc. of 
water in this system then 5.5 grams equal 4.23 cc. of water. 

As the plant removed the water from one side and added it to the other 
the actual amount of water transferred was but one-half of 4.23 cc. or 2.1 15 
cc. The 2.1 15 cc. gives an average hourly rate of .00408 cc. of water for the 
518.5 hours of the experiment. 

Several modifications of the above type of apparatus were devised and 
tried. Attempts were made to eliminate the large bottles and the relative 
inaccuracy in weighings due to their size. But when smaller bottles or only 
large tubes were used the plants usually died. This was probably due to 
insufficient aeration. 
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Measurement by Volume 

The type of apparatus devised and used as the volutue luethofl is illustrated 
in text figure 2. In preparation for a set-up of the apparatus the ]>lant tn 
be used was cut off just below the water surface. Since the upjier portion of 
the stems of many of the water plants either approach a horizontal |)osition or 



Text Fig. 2. Volume method of measuring flow of water from cut stem of sub- 
merged plant. 

grow in a horizontal position just under the water surface, it was always 
possible to remove several centimeters of the stem tip and still have the cut 
end of the attached stem very close to the water surface. The rooted basal 
part of the plant stem was then wrapped with cotton, at a point approximately 
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one and one-half centimeters from the cut end, and a glass tube gently pushed 
over the cotton so that the cotton formed a plug and the cut end of the stem 
was contained within the glass tube. By the use of a pipette, mercury was 
inserted into the tube above the cotton plug so that a seal was formed about 
the stem when the glass tube was held in a vertical position. 

The tube used was tapering and had an inside diameter of 8 mm. at the 
large end and of 2 mm. at the small end. This tube was supported with the 
large end containing the cut stem sul)merged and the small end of the tube 
extended above the water surface. A rubber band marker was adjusted on 
the small end of the tube to a height above the water surface equivalent to 
the height at which capillarity would support a water column in a tube of 
that size. The tube was then filled with water up to the marker. With this 
arrangement and this size tube volume changes of .01 cc. could easily be 
observed. Any increases in the water volume were removed and measured. 
Decreases of water volume were measured by the additions of water neces- 
sary to bring the water level up to the marker. 

With this type of apparatus only a small part of the plant was contained 
within the glass tube. The shape of the glass tube allowed ready escape of 
gas bubbles from the cut stem. The accuracy of the method was but slightly 
affected by the changes of bubble rate from the plant due to environmental 
fluctuations. The effect of temperature changes of 10-15° C. on the water 
volume in such a tube was not noticeable. The actual amount of water 
contained in the several tubes used varied from .3-1. cc. 

The volume method experiments were performed with the plants in the 
habitat in which they were growing. Some of the plants used in these experi- 
ments grew in the tanks of the greenhouse of the Botany Department of the 
Ohio State University. Several species of plants grew in a small lake 
(Baumgartner’s Lake) located about eight miles south of Columbus, Ohio. 
A few of the plants used grew in Buckeye Lake, located about 30 miles east 
of Columbus, Ohio. The plants used in these experiments were subject to 
the temperature and light fluctuations of the habitat. 

Table 2 contains the data obtained from eight stems of Potamogeton 


Table 2. The Amount of Water Flow from Potamogeton lucens Stems as Measured hy the 

Volume Method 


Plant 

No. 

Length 

of 

Set up 

Flow from Cut Stems Measured in 
cc. Readings Made at Following hours: 

Total 

Stem Tip 
Cut Off 

A.M. 
July I 

II 1:30 4 6:30 10 July 2 

per 

Plant 


(in cm.) 


a.m. p.m. p.m. p.m. p.m. 8 a.m. 



I 

12 

8:20 

.02 

•03 

•03 

.015 

.02 

0 

.115 

2 

13 

8:20 

0 

0 

0 

0 

0 

0 

0 

3 

9 

8:30 

.02 

.015 

.01 

.004 

0 

0 

.049 

4 

8 

8:35 

.04 

•043 

.04 

.006 

0 

0 

.129 

5 

9 

9:00 

.015 

.01 

.02 

0 

0 

0 

•054 

6 

, 5 

9:05 

.015 

.032 

.023 

.005 

0 

0 

•075 

7 ■ 

13 

9:00 

.021 

.02 

.025 

.025 

.015 

0 

.105 

8 

9 

9:15 

.01 

.015 

.02 

.005 

0 

0 

•05 



700 


AMERICAN JOURNAL OE BOTANY 


[Vo I. ig. 


Iticens by the volume method. The experiment was run on Jul\' i a,iKl J, 
1929. The days were cloudy and only slight temi)eratiire niKiuati«)ns ('23' 
24° C.) occurred in the water of the greenhouse tanks whert‘ tlK‘ ex]JC‘rimenl 
was conducted. The stems of the plants were approximatc*ly cm. Imig 
after the stem tips had been removed. Considerable individual x’ariatifni will 
be noted in the amount of flow from the several plants test(‘fl. dliese data 
are representative of the data obtained l)y the v()lume metlutd. 

From table 2 and other similar data it was found tliat the flow from tlie 
cut stems gradually decreases and in 16 to 24 hours the flow ju'actically 
ceases. The rate of flow for the first eight hours, however, remaini*<l 1 nearly 
constant. For this reason a period of eight hours was aiiiitrarily ch(,)Si'n as 
the time interval for further volume measurements. 

Other volume methods of measurement were tried. Attempts were made 
to include the whole stem tip and leaves in a glass tul)e. By sudi a metliod 
measurements could have been made on intact plants. T1 k‘ method, liowever, 
proved unsuccessful. Due to tem|)eratiire and es|:)ecially liglit fluctuations, 
bubbles of gas accumulated on the sides of the tulje and on the stem and leaves. 
These bubldes caused great fluctuations in the volume of water and made 
accurate quantitative measurements impossible. 

Results 

The results obtained l)y using the wuu’ght method are gi\am in tallies 3 and 
4. The averages for the results obtained liy the volume method are given 
in table 5. 

Table 3 gives the amount of water calculated to have fiassed through 
plants of Elodea densa. This tropical species of Elodea was used as it is 


Table 3. Waler Moveme^tt through Elodea densa Plants as Meastired by the 

Weight Method 


Plant 

No. 

Date of 

Experiment 

Length 

of 

Exp. 

(hrs.) 

Temp, at 
Time of 
Weigh- 
ings 

Amt. of 

Water 

Transferred 

(cc.) 

Rate per 
hr. Water 
Transferred 

(cc.) 

I 

Nov, i4~Dec. 5, 1928 

453.0 

17-23“ c. 

2.6 

.0057 

2 

Nov. i3~Dec. 5, 1928 

518.5 

17-23° c. 

3.46 

.0067 

3 

Nov. i3"Dec. 5, 1928 

Dec. 22, 1928-Jan. 12, 1929 
Jan. I9“-26, 1929 

518.5 

17-23° c. 

2.115 

.0041 

4 

511.0 

20° C. 

9.81 

.0192 

5 

167.0 

18-22° C. 1.22 

Average rate per hour 

ii 

b b 
0 0 


larger and is easier to handle than the smaller native species. The plants 
grew well in the tanks of the greenhouse and there were but slight seasonal 
variations in growth. The plants used were of nearly equal size and ap- 
proximately 65 cm. in stem length. The mean temperature during these 
experiments was 20° C. The data have been calculated on a volume basis 
at 20° C. Considerable variation occurred in the amount of water movement 
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through the five plants tested. The average amount was .0086 cc. per plant 
per hour. 

Table 4 gives the data for P otamogeton lucens as obtained by the weight 
method. This species also grew well in the tanks of the greenhouse. The 


Table 4. Water Movement throtigh P otamogeton lucens Plants as Measured by the Weight 
* Method 


Plant 

No. 

Date of 
Experiment 

Length 

of 

Exp. 

(hrs.) 

Temp, at 
Time of 
Weigh- 
ings 

Amt. of 

Water 

Transferred 

(cc.) 

Rate per 
hr. Water 
Transferred 
(cc.) 

I . -“2 

Jan. 16-26, 1929 

Av. for two plants 

234 

19-22® C. 

5-337 

.0228 

3 

July I5~2i, 1930 

142 

24-31° c. 

.667 

.0047 

4 

July 15-21, 1930 

142 

24-31° c 

1.250 

.0089 

5 

July 21-26, 1930 

120 

30-31° c. 

1.444 

.0120 

6 

July 21-26, 1930 

120 

30-31° c. 

1. 1 20 

.0093 

7 

July 21-26, 1930 

120 

30-31° c. 

1.037 

Average rate per hour 

.0086 
== .01105 


plants used were approximately 65 cm. in stem length. The mean tempera- 
ture was 25° C. The data have been calculated on a volume basis at 20° C. 
These plants also show considerable variation in the amount of water trans- 
ferred per plant. The average for the seven plants tested was .011 cc. per 
plant per hour. 

Table 5 gives the average flow for each of the several species of plants 
tested by the volume method. Comparison of the results from the weight 
and volume methods show that considerable similarity exists between the 
averages obtained by the two methods. Elodea densa plants, as determined 
by the weight method, showed an average of .0086 cc. of water transferred 
per plant per hour. Sixteen plants tested by the volume method in July, 
1929, showed an average of .008 cc. of water transferred per plant per hour, 
and eight plants tested in October, 1929, showed an average of .0051 cc. 
transferred per plant per hour. These results are quite similar if one 
considers the varialfility of the individual plants and the conditions under 
which the several experiments were performed. 

For Potamogeton lucens by the weight method the average rate of water 
transfer was .011 cc. per plant per hour. By the volume method 15 plants in 
June, 1929, averaged ,0072 cc. per plant per hour and 10 plants in July, 1930, 
averaged .0111 cc. per plant per hour. Here again the results by the two 
methods are of approximately the same magnitude. 

In comparing the ^^transpiration stream /bo f the several species of plants 
tested by the volume method the data of table S show that the strongly rooted 
Potamogeton americanus hd.s the highest rate. Twelve plants averaged .0084 
cc. per hour over a 24-hour period and five plants averaged .013 cc. per hour 
in an 8-hour period. Potamogeton lucens has a rate nearly equalling that of 
P. americanus. Rates of .0072 cc. and .0111 cc. per hour for 8-hour periods 
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have been recorded for two sets of plants. Elodea densa and Rammcuhis 
ctrcinatus have rates ranging- between .008 cc. and .005 cc, per plant per hour 
for 8-hour periods. Myriophylhim spicatum and Potamogeion compressus 
have low rates with averages of .0035 cc. and .0026 cc. per plant per hour for 
6- and 8-hour periods respectively. The rates for Ceratophylhtm demersimi, 
an unattached plant, are very low and come within the limits of experimental 
error. 


Discussion 

The results obtained in these experiments substantiate the much questioned 
results of Unger, 7 \. plant of Potamogcton crispus by his method transferred 
1.6 grams of water through the plant in eight days. This gives an average 
hourly rate of .0083 gram. A plant of Ranunctilus flidtans transferred .8 
gram in eight days, which gives an average rate of .0042 gram per hour. 
Since grams and cubic centimeters of water are practically equivalent at ordi- 
nary room temperatures, Unger’s results and those obtained in these experi- 
ments are seen to be quite similar. 

The results obtained by Pond from his one set up of a Raminculus aquatilis 
trichophyilus plant greatly exceeds the amount obtained in these experiments. 
The 5 cc. of water taken up by the root in 24 hours gives an average hourly 
rate of .208 cc. This rate is more than thirty times the hourly rate obtained 
as an average by the volume method for Ranunculus circinatus over an 8-hour 
period. This rate exceeds considerably the maximum rates obtained for any 
of the species of plants tested in these experiments. Table 6 gives the max-, 
imum hourly rate for single plants of each species as obtained by the volume 

Table 6. Maximum Rates for Single Plants of Each Species as Tested by the Volume 

Method over 8-hour Periods 


Species 

Date 

Hours 

Temp. 

Limits 

Water 

Flow 

(cc.) 

Rate 

per 

Hour 

(cc.) 

Potamogeion americanus 

Aug. 16, 1929 

8:30 a. 01.-4:30 p.m. 

19.5-22° C. 

•295 

.037 

Elodea densa 

July 21, 1930 

8:30 a. 01.-4:30 p.m. 

26-28° C. 

.19 

.024 

Potamogeion lucens 

July 9, 1930 

9-30 a.m,-5:30 p.m. 

25-26° C. 

.16 

.02 

Ranunculus circinatus 

May 8, 1930 

10:30 a.m.~7:oo p.m. 

21.5-22° C. 

.14 

.016* 

Potamogeion compressus 

June 26, 1929 

10:00 a.m.™6:oo p.m. 

27-29° C. 

.078 

.01 

Myriophyllum spicatum 

Aug. 13, 1929 

12:00 m.~6:oo p.m. 

26-28° c. 

.06 

.Olf 

Ceratophyllum demersum 

June 26, 1929 

9:00 a.m.-5:oo p.m. 

26-29° c. 

.007 

.001 


* Rate per hour for an 8j^-hour period, 
t Rate per hour for a 6-hour period. 


method over 8-hour periods. A plant of P otamo get on amuric anus 
high rate of .037 cc. per hour. The rate of .208 cc. per hour obtained by 
Pond exceeds this by nearly six times. The .208 cc. rate exceeds by thirteen 
times the maximum rate of .016 cc. obtained from a Ranunculus circinatus 
plant. 
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have been recorded for two sets of plants. Elodea densa and Ranuncidus 
circinatus have rates ranging between .008 cc. and .005 cc. per plant per hour 
for 8-hour periods. Myriophylhmi spicatum and Potamogeton compressus 
have low rates with averages of .0035 cc. and ,0026 cc. per plant per hour for 
6- and 8-hour periods respectively. The rates for Ceratophylhmi demersiim, 
an unattached plant, are very low and come within the limits of experimental 
error. 

Discussion 

The results obtained in these experiments substantiate the much questioned 
results of Unger. A plant of Potamogeton crispus by his method transferred 
1.6 grams of water through the plant in eight days. This gives an average 
hourly rate of .0083 gram. A plant of Ranunculus fluitans transferred .8 
gram in eight days, which gives an average rate of .0042 gram per hour. 
Since grams and cubic centimeters of water are practically equivalent at ordi- 
nary room temperatures, Unger’s results and those obtained in these experi- 
ments are seen to be quite similar. 

The results obtained by Pond from his one set up of a Ranuncidus aqiiatilis 
trichophyllus plant greatly exceeds the amount obtained in these experiments. 
The 5 cc. of water taken up by the root in 24 hours gives an average hourly 
rate of .208 cc. This rate is more than thirty times the hourly rate obtained 
as an average by the volume method for Ranunculus circinatus over an 8-hour 
period. This rate exceeds considerably the maximum rates obtained for any 
of the species of plants tested in these experiments. Table 6 gives the max-, 
imum hourly rate for single plants of each species as obtained by the volume 



Table 6 . Maximum Rates for Single Plants of Each Species as Tested by the Volume 

Method over 8-hour Periods 



Species 


Date 


Hours 


Temp. 

Limits 


Water 


Potamogeton americanus 

Aug. 

16, 

1929 

8:30 

a.m.- 

-4:30 

p.m. 

19.5-22° c. 

.295 

.037 

Elodea densa 

,|uly 

21, 

1930 

8:30 

a.m.- 

-4:30 

p.m. 

26-28° 

c. 

.19 

.024 

Potamogeton lucens 

July 

9. 

1930 

9-30 

a.m." 

-5:30 

p.m. 

25-26° 

c. 

,16 

.02 

Ranunculus circinatus 

May 


1930 

10:30 

a.m.- 

-7:00 

p.m. 

21.5-22° C. 

.14 

.016* 

Potamogeton compressus 

June 

26, 

1929 

10:00 

a.m.- 

-6:00 

p.m. 

27-29 

c. 

.078 

.01 

Myriophyllum spicatum 

Aug. 

13, 

1929 

12:00 

m.--6 

:oo p 

.m. 

26-28° 

c. 

.06 

.01 1 

Ceratophyllum demersum 

June 

2A 

1929 

9:00 

a.m.“ 

-5:00 

p.m. 

26-29° 

c. 

.007 

.001 


* Rate per hour for an 83/2-hour period, 
t Rate per hour for a 6-hour period. 


method over 8-hour periods. A plant of Potamogeton mnericanus has the 
high rate of .037 cc. per hour. The rate of .208 cc. per hour obtained by 
Pond exceeds this by nearly six times. The .208 cc. rate exceeds by thirteen 
times the maximum rate of .016 cc. obtained from a RanunculMs circinatus 
plant.,"; 
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The plant having the highest hourly rate of flow (table 6) exceeds from 
two to five times the average for that species (table 5). Rates of flow for 
individual plants thus range from two to five times that of the average flow 
to zeio in those individuals that failed to show water movement. 

Location of Water-moving Forces 

For Elodea densa Q,nd Potamogcton hicens the amount of water flow from 
the cut surface of the basal part of the plant, as measured by the volume 
method, was for a time practically equivalent to the amount of water trans- 
ferred by the complete plant, as measured by the weight method. If the 
forces of the basal part of the plant cause a water flow practically equivalent 
to that of the complete plant then the water-moving forces present in the 
upper stem and leaves must be slight. By the basal part of the plant is meant 
toe lower two-thirds of the plant stem, with the roots and the attached leaves. 
The upper stem includes about one-third of the stem length of the plant 
including the stem tip and the attached leaves. 

Measurements were made on the amount of water taken up at the cut 
stem end by the upper stem and attached leaves. A slight modification of 
the volume method was used in making these measurements. The upper 
stem was first cut from the plant; cotton was wrapped around the stem at 
a point approximately cm. from the cut end, and then a glass tube was 
pushed over the cotton. Sufficient mercury was inserted within the glass 
tube so that the tube could be held at an angle from the perpendicular and 
still have a good seal. The tube was then fastened rigidly. By placing the 
tube obliquely the curving stem tip would assume a nearly natural position 
The marker on the tube was adjusted at a height above the water surface 
equalling capillarity of water in that sized tube. The tube was then filled up 
to the marker with water. The amount of water taken in by the upper stem 
was measured by the amount of water required to bring the water line within 
the tube up to the marker. The amount of water taken up by the upper 
stem is given in table 7 for the four species of plants used in these experi- 

ments. The amount of flow from the basal part of the plant is also included 
in tile table for these same species. 

These data indicate that for Potarnogeton lucens the amount of flow from 
the rooted basal portion of the plant was seven to eleven times greater than 
he amount of water entering the upper stem. For Elodea densa the flow 
rom the basal part was ten to sixteen times greater than the water entering 
the upper stem. Myrtphyllum spicatum showed a difference of twelve times 

thirteen to twenty times, in the two water 

Evidently the quantity of water moved in the stem base and roots exceeds 
from seven to twenty times the water entering the upper stem and leaves as 
neasuied by actual water volume data in the species of plants tested. The 



Table 7. The Amount of Water Flow from the Basal Part of the Stem and the Amount of Water Taken up at the Cut Surface of the Upper Stem. 
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water-moving forces of submerged plants thus seem to be principally located 
m the rooted basal part of the plant. 

It might be objected that cutting the stem results in a clogging of the 
c er-conductmg tesues, An experiment was set up to determine whether 
water passed into the cut stem ends of the water plants. Potamogeton amer- 
^cams has both submerged and floating leaves. Some upper stems were ob- 
lec t at had only submerged leaves. Other upper stems had both sub- 
n e ged and floating leaves. The amount of water entering the tZZl 
uppei stems was measured and compared with the amount of water Sw 
from the rooted basal portion of the plant. Table 8 contains ^11'^ ob 

lucte I different types of stems. The experiment was con- 

ducted at Baumgartner s Lake or in lake water on August 15-20, 1929 The 

results are averages for the plants tested. ^ . 9 9 - I he 


Table 8 


Floating Leaves of Potamogeton americanus 


Stem 

Part 

Used 

Temper- 

ature 

Limits 

No. of 
Plants 
Tested 

Lgth. of 
Stem Tip 
Cut OflF 
or Used 
(cm.) 

Lgth. 

Stem 

Base 

(cm.) 

No. of 
Float- 
, ing 
Leaves 

Lgth. 

of 

Exp. 

(hrs.) 

Amt. Rate 
of per 

Water Hr. 
(cc.) (cc.) 

Base 

.19.5-26° c. 

12 

16 

65-3 

72.0 


24 

8 


Tip with sub- 

21.5-24“ c. 

5 

8 

— 

.202 .0084 

.104* .013 

merged leaves 







only .... 

Tip with floating 
leaves .... 

• 21.5-24“ c. 

,21-23“ c. 
21.5-24“ c. 

II 

9 

5 

23 

21 

54 


4.6 

4.6 

8 

8 

8 

.0052 .00065 

.08 .01 

.152 .019 


Data obtained May 5-9, 1930. 


The upper stems having floating leaves, with rates of .or cc and oio cc 
per plant per hour, had a water intake exceeding the rates of 008^ rr ' 1 

.013 ca per plant per hour flow from the basal parts of the plants ” 

taken m at the cut nf fL» A . . 


+ 1 • 7 parts of the olant^ ic 

^en ■„ a, the a.t ends of the npper s,.„s and at fair,, k , 

■' forces in the stem and leaves are active " 

the rZ »d *0 tSsIni ‘”T‘ 

attempt to more definitely locate the for ""e set up in an 

Pinnt segments were obtemefbrcn., nfrste^^^^^^^^^^ 5' ,h 
Stock and removing approximately ^ cm nf ^ 

nicTde by the volume method to ^ -u were 

middle stem segments. The resuhr''^ movement of water through these 
were conducted Auo*ust t6-to t table 9, The experiments 

ture limits w 1 22^0 ^ The tempera- 

were 22 23 C. Average results are given. 
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Table 9. The Amount of Water Movement through Middle Stem Segments as Measured by 

the Volume Method 


Species 

No. of 
Stem 
Segments 
Used 

Length 

of 

Stem 

Segments 

No. of 
Leaves 
per 

Segment 

Length 

of 

Experi- 

ment 

Amount 

of 

Flow 

Potamogeton americanus * 

12 

44 cm. 

4.8 

15 hrs. 

0 

Elodea densa 

8 

39 


10 

0 

Potamogeton lucens 

. . . 16 

49.9 

8.1 

10 

0 


* Stem ^gments obtained from Baumgartner’s Lake, 


In a second experiment measurements were made on the short basal rooted 
part of the stem. The plant stem was cut a few centimeters from the roots 
or rootstock and the measurements of water flow made on this short stem 
portion. Measurements were made on a few Potamogeton americaniis plants 
at Baumgartner's Lake. The surface of the lake was approximately three 
feet below the normal level and several plants that could be used for ex- 
perimentation were found growing in shallow water. Plants of Elodea densa 
and Potmnogeton lucens were propagated in the greenhouse tanks. These 
plants were rooted in pots of soil. After the plants had become well estab- 
lished the pots were raised and supported near the water surface. The water 
flow measurements made on these plants are given in table 10. 

Table 10. Measurements of the Flow of Water from the Cut Ends of the Short, Basal, Rooted 
Stems as Measured by the Volume Method. Average Results are Given 


Temper- No. Lgth. No. Amt. of Rate per 
Species ature of of .Stem Hrs. of Flow Plant per 

Limits Plants (cm.) Flow (cc.) Hr. (cc.) 


Potamogeton americanus 25-25.5° C. 4 7.5 8 .057* .0071 

Elodea densa 22-23° C. 9 9-3 8 .05* .0062 

Elodea densa 18-20° C. 6 7.0 8 .oSSf .011 

Potamogeton lucens 18-20° C. 10 8.5 8 .046 f .0057 


* Measurements made Aug. 16-19, 1930, 
t Measurements made Jan. i, 1932. 

Table 9 shows that the middle stem segments fail to cause water movement. 
If a gradient exists in the stem, which causes the movement of water upward 
in the plant, the force is quite negligible, especially if that part of the stem 
is cut from the stem tip and roots. The flow from the short basal stems, as 
recorded in table 10, is practically equivalent to the rate of flow through the 
complete plant. The flow of water through the submerged plants studied 
thus seems to be due primarily to “ root pressure." 

The very low results obtained in these experiments for Ceratophyllum 
and the inconsistent results obtained by Wieler in his bleeding " experiments 
on Ceratophyllum and Elodea are explainable if the water flow through sub- 
merged plants is caused primarily by '' root pressure." Most Ceratophyllimi 
plants have either a very poorly developed embryonic root system or no root 
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system at all. The iDasal part of the plant frequently dies and the upper stem 
continues more or less as a free-floating plant. 


Summary 


Little is known concerning the transpiration stream of submerged 
plants, and very few data from actual quantitative measurements have been 
available. 

A weight method and a volume method of measurements were devised 
in this investigation whereby quantitative measurements were made on the 
flow of water through submerged plants. Measurements of flow through 
the complete plant, covering fairly long time intervals, could be made by 
the weight method. Accurate measurements over short time intervals could 
be made by the volume method, which was essentially a method measuring 
“bleeding.’’ 

An average rate of flow of water through the plant of .0086 cc. per plant 
per hour was obtained for five El odea densa plants by the weight method. 

An average rate of .011 cc. per plant per hour was obtained for seven 
Potamogeton lucens plants by the weight method. 

Of the plant species tested by the volume method, Potamogeton americanns 
had the highest hourly average flow from the cut end of the basal portion 
of the plant. Rates of .0084 cc. and .013 cc. per plant per hour were obtained 
for two sets of plants. P. hicens with average rates of .0072 and .0111 cc. 
per plant per hour for two sets of plants has rates nearly equalling those of 
P. americanus. Rates of .0051 and .008 cc. per plant per hour were obtained 
for Elodea densa. An average flow of .0063 cc. per plant per hour was ob- 
tained for Ranunculus circinatus. Myriophyllum spicatum and Potamogeton 
compressus had lower rates with averages of .0035 cc. and .0026 cc. per plant 
per hour, respectively. The rate obtained for Ceratophyllum demersum^ plants 
was very low, and came within the limits of experimental error. 

The results obtained by the weight and volume methods on Elodea densa 
and P otamogeton lucens were found to be comparable. 

In comparing the amount of water flow from the basal part of the plant 
with the amount of water entering the upper stem and submerged leaves it 
was found that the former exceeded the latter from seven to twenty times. 
These measurements were made by the volume method. The “ transpiration 
stream of the plants, studied thus appears to be caused primarily by the 
forces in the basal part of the plant. The water-moving forces of the upper 
stem and submerged leaves appear to have but slight effect on the flow. 

Middle stem segments did not cause water movement. 

The flow from short-rooted, basal parts of the plant is practically equiv- 
alent to the rate of flow through the complete plant. The flow of water 
thiough the submerged plants studied thus seems to be due primarily to “ root 
pressure.” 
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Unger’s two quantitative determinations of water flow through submerged 
plants were substantiated in these experiments. The one quantitative meas- 
urement of water through a submerged plant made by Pond was found to be 
much higher than those obtained in these experiments. The very low results 
obtained in these experiments for Ceratophyllum and the inconsistent results 
obtained by Wieler in his experiments are explainable if the water flow 
through submerged plants is caused primarily by “ root pressure.” Cerato- 
phyllum plants have either a very poorly developed root system or no root 
system at all. 

The writer wishes to express his indebtedness to Dr. E. N. Traiiseati, 
under whose direction this study was made, Dr. H. C. wSampson, Dr. L. PI. 
Tiffany, and Dr. B. S. Meyer for suggestions and encouragement during the 
progress of this investigation and for valuable criticism of the completed 
manuscript. 

The Ohio State University, 

Columbus, Ohio 
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INVESTIGATIONS ON THE MORPHOLOGY AND COMPARA- 
TIVE HISTORY OF DEVELOPMENT OF FOLIAR ORGANS 
IV. THE PROPHYLL OF CARYA BUCKLEYI VAR. 
ARKANSAN A ^ 

Adriance S. Foster 

(Received for publication March i, 1932) ' 

Introduction 

In Carya Buckleyi var. arkansana Sarg., the outermost scale of axillary 
buds on normal spur or long shoots is sac-like in form and, except for a more 
or less prominent opening near the abaxial apex, completely embraces the inner 
organs of the bud (text figs, i, 4, 9). Since the axillary buds of many di- 
cotyledons are provided with paired lateral prophylls ^ this sac-like prophyll 
of the black hickory is unusual and invites comparison with the characteristi- 
cally addorsed prophyll of monocotyledonous buds.’^ 

Apparently the earliest morphological interpretation of the prophyll of 
Cnrya was^proposed by Doll (1848, p. 22 and fig. 18). He suggest that 
m Carya alba the outer scale of the axillary bud represents two “ inwardly 
fused prophylls. Later, Casimir de Candolle (1862, pp. 10-12 and PI I) 
in his memoir on the Juglandaceae, pointed out differences in the number ar- 
rangement and character of the bud scales of Carya by the use of which he 
subsequently (1864, pp. 142-145) divided the genus into two sectil. De 
Candolle emphasized the fact that members of the section Apocarya differ in 
the constructioir of their axillary buds as follows. In Carya aLra (=C 
cord^form^s K. Koch) the buds possess paired lateral valvate prophylk In 
Carya aquakca and Carya olivaefonnis (= C. pecan Asch. and Gr.), however 
. ® stated that the prophylls of lateral buds are fused together form- 

ing a sheath Apparently unaware of Doll’s (op. cit.) earlier work, de Can- 

Howev^ thATTr^ the prophylls of members of the section Eucarya. 
However, the bud_ diagram given of Carya porcim (=C. glabra Sweet) 

a tubL^cIaVact" has 

No. Botanical Laboratory of the University of Oklahoma, N. S. 

(^846), Goebel (ipos, pp. 382-383) and Velenovsky 
^p. Ruter (1918) and Arber (1925, pp. i3i_i35). 

" Cf. also Schneider (1903, p. 145 and fig. 88). 

7iG. 
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Text Fig. i. Abaxial-lateral view of an adult axillary bud, November 24, 1929. 
Note the small elliptical opening near the apex of the sac-like prophyll. At the base of 
the axillary bud is a small accessory serial bud. The numerous colleters occurring on 
the buds have been omitted from the drawing (X 12). 

scale on lateral buds of members of the section Eucarya as “ a closed sac 
soon splitting from the top.” The need for a more careful study of the 
question of prophyll morphology in Cary a was thus apparent, especially in 
view of the systematic value of bud characters in this genus. 

The present paper deals largely with the morphology of the prophyll in 
C. Buckleyi var. arkansana. Evidence obtained from many sources will be 
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presented in favotir^ of the idea that in this species the prophyll is clearly 
bifoliar in organization. It will be further shown that in all probability this 
interpretation can be applied to the prophylls of a number of other species of 
die genus, although the desirability of more extensive comparative studies 
is definitely emphasized. 

Form and Position of the Prophyll 

The bicarinate character of the prophylls of many monocotyledons and of 
certain dicotyledons, e.g. Salix'^ and Viburnum Opulus’’ has repeatedly been 
cited as evidence of their bifoliar nature. From this standpoint, the form 
of the prophyll m Carya is of interest since it has been described by Cook 
(1916, p. 542) as being “a closed sheath, carinate on each side, somewhat 
similar to the prophylla of grasses and palms.” 

In the black hickory, the prophyll on buds in the mid region of normal 
spur or long shoots is slightly bicarinate near its apex (text fig i ) but in 
median section view (text fig. 9) it will be seen that the keeled character has 
disappeared. The upper axillary buds of long shoots (cf. Foster, 1931, PL 
LXIII, fig.^ I ) , however, are more flattened in form and their prophylls are 
definitely bicarinate above the middle. Indeed, transverse sections above the 
abaxial opening of the prophyll of such buds (text figs. 2-4) reveal a form 
quite analogous to certain monocotyledonous prophyhs.® The form of the 
prophyll on buds of coppice shoots is significant. Not only is the bicarinate 
form of the prophyll well-marked in such buds, but likewise the abaxial edo-es 
of the prophyll may be free nearly or quite to the base of the bud. In one 
s wot examined, the adaxial region of the prophyll, which normally is only 
slightly notched (text fig. i) was so deeply cleft that careful inspection was 
necessary to avoid the impression of paired, dorsally keeled prophylls. Dur- 
ing the period of bud swelling and expansion in the spring, the prophyll of 
buds on normal and coppice shoots usually splits to the base on both its abaxial 
and adaxial faces. As a result, two discrete asymmetrical scales are formed, 
the clorsal keels of which simulate midribs of two independent foliar organs.’ 

If, as the evidence from external form suggests, the prophyll represents 
two connate leaves, its position in relation to the other organs of the bud 
demands explanation. Text figures 4 and 9 represent two typical conditions 
found m buds 0 normal spur or long shoots. In both figures it will be seen 
that the prophyll is followed by two “distichous ” median scales, a situation 
which appears invariable from my observations. In text figure 4, the second 
ud scale IS followed directly by the spirally-arranged foliage leaves ® while 
in text figure 9, the spiral phyllotaxy is initiated by a third scale. In general, 

® Cf. Lubboci (igo8, pp. no-iii, fig. X76) and Resvoll (1909. p. 332) 

' Cf. Lubbock (1908, p. 117, pi. ir. fig. 1). W 1. 33^1. 

sCf. Arber (192s, fig. CIV) and Riiter (1918) 
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Text Figs. 2-9. Figures 2-8 represent transverse sections of an adult axillar.v bud 
at successive levels from apex to base. Bottom portion of all figures corresponds to 
abaxial surface of bud. ^ Figs. 2^3, through the abaxial opening of the bicarinate prophyll 
14)- “‘iG. 4, median section showing prophyll surrounding the two distichous 

scalp and three spirally arranged foliage leaves (X 12). Figs. 5^8, successivelv lower 
sections showing nodal anatomy of scales and prophyll ( X 12). Fig. 9, median trans- 
verse section through a larger axillary bud with three scales, the third initiating the spiral 

arrangement of succeeding foliar organs (X 15). In all figures: P, prophyll; BS, 

scale ; A, foliage leaf . Phloem of stele and larger bundles white; xylem black. ' Smaller 
bundles shown in solid black. Spaces between foliar organs in the bud shown in black. 
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there is a progressive decrease in the number of scales of successive buds 
on a given shoot, those near the base having as many as five or six while in 
the uppermost buds the number is reduced to two usually. In all buds, how- 
ever, the spiral phyllotaxy is initiated by the third organ following the prophyll, 
regardless of whether it may be a cataphyll or a foliage leaf. The unusual 
position of the first two scales could be explained by assuming that they repre- 
sent a pair of foliar organs descussate with the two laterally connate phyllomes 
which have formed the prophyll. Such an hypothesis is supported by the 
fact that in buds of extremely vigorous coppice shoots, the prophyll is followed 
by a number of decussate pairs of scales (as many as three) before the 2/5 
divergence of the inner foliar organs is initiated.^” Further discussion of 
the significance of the arrangement of bud organs to the morphological inter- 
pretation of the prophyll will appear when the ontogenetic evidence is pre- 
sented. 


Nodal Anatomy 
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(indicated by the letter M) prove to be strong unbranched strands which ex- 
tend thiough the lateral keels of the prophyll; the other trace (labeled D) 
quickly forks after leaving the stele (text figs. 6 and 5) and, in part inner- 
vates the adaxial region of the prophyll. The two remaining traces supplying 
the prophyll leave from the adaxial region of the stele, one at either side of 
trace L> ; they further contribute to the venation of the keeled region of the 
prophyll (text figs. 6 and 5). The two scales following the prophyll are 
trilacunar ; in text figures 7-5, the median traces of these scales are indicated 
by the numbei i, the lateral traces by the numbers 2 and 3. Text figure 7 
shows the departure from the stele of the three traces supplying the first scale 
At successively higher levels (text figs. 6 and 5), the lateral traces are seen 
to converge in the scale base towards the repeatedly foi'king median bundle, 
the trilacunar node of the second scale is illustrated by text figure 5; the 

behavior of its median and lateral traces is similar to that just described for 
the first scale. 

. evidence from nodal anatomy is examined closely, the followino- 

highly significant fact emerges. Regardless of the exact number of traces 
supplying the prophyll, two of them (cf. traces M in text figs. 8-5) are con- 
stant m position and behavior. These traces, which innervate the lateral 
keels of the prophyll, logically seem to represent the median unbranched traces 
of two connate foliar orpns. The other prophyllary traces tend to be vari- 
able in number and position in the stele; it would seem reasonable to interpret 
t em as accessory traces which are related perhaps to the amplexicaul char- 
acter of the prophyll. 


Venation 

In correlation with its multilacunar node, the prophyll is traversed by a 
large but variable number of apically converging veins (text fig. 10). Al- 
Aough extensive variation occurs in the amount and character of the branch- 
ing of the adaxial and abaxial veins (ie. those which are derived from the 
accessory prophyllary traces) one significant feature of the vein system has 
been found to be constant, namely, the presence of a trio of strong veins in the 
region of each lateral keel. The mid veins of each trio (labeled M in the 
figure) are the strongest of all the prophyllary veins and are derived from the 
median prophyllary traces (cf. text fig. 8). These two veins, of equal 
strength, extend unbranched into apices of the prophyll where they are joined 
by the two converging laterals (labeled L). These lateral veins in each trio 
are derived, respectively, from the two small adaxial traces (i.e. those at either 
side of trace D) and from branches of the proximal abaxial traces (cf. text 
%s- 8-5). From the examination of twelve prophylls, considerable variation 

1 “ This is true of the scales of all of the axillary buds which have been studied 

« Prophylls were obtained from buds collected September 25, 1931, and cleared for 
venation studies by a method previously employed for the bud scales (Foster, 1931, p. 


A , 1 


■M 







FOSTER — PROPHYLL OF CARYA 


better developed and, in addition to a prophyll, may possess the prir 
four scales. No instances have been observed of shoots develop: 
prophyllary buds but closer study pf injured or defoliated plants m; 
pected to reveal them. 
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Proliferation of the Prophyll 

In normal buds, the sac-like prophyll shows no evidence of a lamina 
region and, as I have already pointed out, is non-accrescent during bud ex- 
pansion in the spring. During the summer of 1930, however, a number of 
interesting cases of prophyll expansion were noted in precociously expandin<^ 
buds of certain trees. A typical example is shown in text figure ii. It 
will be seen that the lateral portions of the prophyll of the short-stalked axil- 
lary bud have developed into small, simple petiolate leaves which are joined 
near the base forming a tubular sheath. The venation of the free, leaf-like 
portions of this prophyll is highly significant. Each petiolar region is tra- 
versed by three strong median veins, a situation obviously comparable with 
the trio of strong veins found in the keeled regions of the normal prophyll 
(cf . text fig. 10) . The small, unequal, slightly crenate laminae of the pro- 
iferated prophyll have a weak reticulate venation, which is derived directly 
from the median petiolar veins. Thus, in both form and venation, each free 
eafy portion of this expanded prophyll closely resembles a type of cataphyll 
occasionally appearing in precociously expanded terminal buds (cf Foster 

1931, P. 879, and PI. LXIV, fig. 10). 

Although the precise factors causing the proliferation of the prophyll are 
obscure, certain obvious correlations of growth between the buds of a shoot 
are worth noting. In all cases observed, the most conspicuous proliferation 
occurs m the mam axillary bud while the prophylls of the smaller serial acces- 
sory buds at the same node fail to expand (text fig. ii). This fact is very 
striking on vigorous coppice shoots where the serial buds are more numerous 
than on normal twigs. Furthermore, several specimens collected showed a 
gradual decrease in the degree of proliferation of the prophylls of the suc- 
cessive axillary buds, those near the apex having the normal, sac-like form, 
n view of such transitional conditions, it seems probable that the difference 
between the highly expanded prophyll (text fig. ii) and the prophyll of 
normal buds (text fig. i) is not qualitative and that hence, as other lines of 
evidence have shown, the prophyll is truly bifoliar in character. 


Ontogeny 

Materials and Methods 

studies was collected during 1930 
and 1931 from the same localities described in previous papers (Foster, 1931 
-.d 1932) and preserved in a five percent solution of Lmalin. Owing'S 

itSssTv foS buds during their early development and the 

reDresents r I °nentation, a special technique was adopted which 

(SiTool Tb the method employed by Luyten and Versluys 

(1921, p 90). The young shoot is carefully defoliated under the binoculars 
washed thoroughly in water and immersed for about five minutes in a sSong 
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solution of iodine and potassium iodide. These reagents stain the embryonic 
buds a deep brown and thus facilitate an accurate study of the shape and 
extent of the foliar initials and the growing point. The stained shoot is then 
lightly rinsed in water and examined under the microscope. When a decision 
has been reached^ as to the desired orientation of a given bud, the shoot is 
firmly imbedded, in the appropriate position, in a small lump of plasticine and 
the whole preparation immersed in water in a shallow glass dish for micro- 
scopical study. 


Prophyll and Scale Ontogeny 

The primordia of the new axillary buds begin development during the 
summer and are clearly seen in the axils of the foliage leaves of the winter 
bud. At this early stage, the bud primordium is a slightly elevated, bun- 
shaped mass of meristematic tissue, the longest diameter of which is at rio-ht 
angles to the median plane of symmetry of its sulitending leaf (PI L fio- i) 
The critical development stages of the prophyll occur during the period of 
the swelling and expansion of the main bud in the spring. For convenience 
and emphasis, these ontogenetic stages will be described separately, although 
in reality the individual stages merge. 

Stage i. The first sign of prophyll development consists in the elevation 
of the peripheral region of the bud primordium. The lateral and adaxial 
portions of dns peripheral zone develop very rapidly from the start while the 
abaxial portion appears simply as a slightly elevated rim (fig. 2). Asa result 
of the zonal mode of origin of the prophyll, a central, somewhat depressed 
mass of embryonic dssue remains undifferentiated and is destined later to 
function as the growing point, from which the scales and foliage leaves of the 
axillary bud originate. 

^ Stage 2. During this stage, the apices of the lateral portions of the 
piophyll grow rapidly and become clearly distinct from the more slowly 
e evating, notched adaxial region (figs. 3 and 4) . Asa result of the relatively 
sDw development of the abaxial rim-like portion of the prophyll, the face of 
the bud becomes more or less sloped in character. This feature is clearly seen 
when the bud at this stage is viewed from above (fig. 5). From this aspect, 
rtwill be noted that the prophyll is deltoid in contour and quite distinct from 
the central ovate growing point. 

Stage s. Following the stage just described, the apices of the lateral por- 
tions of the prophyll begin to converge towards each other (fig. 6). At the 
same time, active growth ensues on the free abaxial margins. These growth 
processes are accompanied by the further development of the adaxial portion 
° u if which is gradully losing its early notched character. The 
prophyll finally acquires the form of an irregular cup, open in front and 
partially concealing the growing point. Colleters, which have not been shown 

a the axillary bud is initiated almost two years before it actually develops into 
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in the illustrations, are developing rapidly at this stage on the lateral and 
adaxial surfaces of the prophyll while its abaxial face remains glabrous for 
some time.^ During or prior to this ontogenetic stage, the embryonic tissue 
at the abaxial base of the main axillary bud may increase in extent and form 
a pad-like swelling, which proves to be the primordium of a serial accessory 
bud (fig 6) . Although the ontogeny of this serial bud has not been followed 
in detail, its mode of origin agrees with the situation described by Sandt 
(1925, p. 13, fig. 3) for Carya glabra Sweet. 

. converging apices of the lateral portions of the 

piophyll finally meet (fig. 7). Meanwhile, the adaxial portion has continued 
to elevate and the free, rapidly-growing abaxial margins are approaching one 
another. As a result of these growth processes, the prophyll begins to acquire 

(fig ^ development 

Stage j. During its final critical stages in development, the prophyll in- 
creases rapijy in size and its free abaxial margins continue to grow until 
hey meet (PI. L, fig. 9 and PI. LI, fig. 10). Continued growth in size ac- 
companied by the extension of the region below the base of the valvate abaxial 
margins, leads to the form of the adult prophyll (text fig. i). 

The method of prophyll development just described seems to represent 
he a.erase ot "typfcal » copclition for this species. Deviations from Z 

Zt wZ'”^ of the same 

‘ . ^^2.niined comparatively, these deviations prove to depend upon 

tr^onToVthf" f abaxial, adaxial, and latLl 

p tions of the prophyll initial. In certain relatively infrequent cases the 

adaxial region of the prophyll grows from the beginning at about the kme 
rate as the apices of the lateral portions. As a result, at a stage comparable 
to that shown in figure 6 of Plate L, the prophyll has the form of zn even- 

ZiTh ^bich soon acquires a 

hooded character. A more common deviation is caused by the earty rapid 

STs ad 1' development 

the d. r '""Z- pronounced inequality of growth, 

idf prophyll is deeply cleft at an early stage (PI. LI, fig. 

_i6)_. Frequently, as figure 16 illustrates, the abaxial portion of the prophyll 
s rim-like. In several cases, however, I have found the abaxial bases of the 
lateral portions distinct from each other, resulting in the appearaZ o^two 

SSsandTbaxJr*"’ primordia. After the prominent 

apices and abaxial margins of these primordia have met, they are elevated to 

jying degrees by the extension of the entire basal zone from which they 
igmated. The degree of this zonal extension results in the variations in the 
adult foim of the prophyll which have already been described. 

A still more striking deviation from the usual ontogeny is shown in the 

“firM°evidSe of f 7'°^“"' coppice shoots. Here 

hist evidence of foliar differentiation consists in the appearance of a pair 
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of separate adaxially displaced primordia^^ (PI. LI, %. 17). Followino- a 
rapid increase in size, the apices of these primordia begin to converge and 
active growth ensues on both their abaxial and adaxial margins, resulting in 
t e foimation of wings (fig. 18). Figure 18 shows that the adaxial wings 
of the primordia are valvate near the base while the abaxial wings are dis- 
tinctly separated. As development continues, the converging apices meet and 
_ e margins of each primordium become slightly involute. Coincident with 
Ae development of the bud scales, the adaxial portions of the two prophyllary 
initials become elevated upon a common zone, while the abaxial margins 
meet just above the base and may even overlap to some extent. Further in- 
sho^ts adaxially-cleft prophyll typical of buds of coppice 

The ontogenetic variations just described seem to indicate definitely that 
the so-called latera portions ” of the prophyll initial, in the average condition 
(PI. L), correspond to two foliar primordia. However, since the adjacent 

u ited almost from the start, it would be quite inaccurate to describe their 

S th? terms' ontogenetic “fusion.” The careless use 
of the terms fusion and concrescence ” has been responsible for consid- 
erable misunderstanding, particularly in regard to the organogeny of the 
flowei and he whole controversy has recently been revived.^^ Many writers 

of’fte term meaning 

crescence” Ths"?"’ the expression “congenital con- 

crescence. Ihis term, however, is to some extent ambiguous and clearly 

Trocess adequately the true ontogenetfc 

On the contrary, I regard the peculiar ontogeny of the prophyll as the 
result of a process of “ zonation,” comparable to the method of Ligin of 
gamosepaly and gamopetaly m many flowers and to the mode of develop- 
ment of the cotyledonary tube in certain spermatophyte embryos.^ The first 
evidence of the prophyll is due to the activity of the peripheral tissue of the 
bud primordium resulting in what I shall term the “ prophyllary zone ” In- 
variably two centers of active growth, which are lateral in position, appear 
eary m this prophyllary zone. Dependent upon the rate and intensity of 
giowth at these two points as compared with the intervening regions of th^ 
zone two extreme types of prophyll ontogeny may result, namely, the avera-e 

initials (PI. LI, figs. 17 and 18). The significant transitions betweai these 

;r,:r T the form of each of these primordia at this stage closely resembles the 

7 « ^932, pl. II, fig. 5) 

Cf. Bugnon (191286 and 19286) and Buchet (1928). 

90 and Chamberlain (1903, pp. 12-13). 
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extremes have already been described (fig. 16). The “causal factors” re- 
sponsible for the variations in prophyll development require closer study. It 
should be noted, however, that vigorous growth conditions (i.e. those obtaining 
m coppice shoots) usually favor the development of two more or less separate 
primordia while slower growth seems to result in the more uniform extension 
of the whole prophyllary zone. 

The development of the scales of the axillary bud offers several features 
of interest. When the prophyll has become closed (PI. LI, fig. 10), the 
pnmordium of the first scale appears as a swelling on the abaxial'side of the 
growing point (fig. ii). This scale initial rapidly increases in size and active 
marginal and apical growth ensue (fig. 12). During the early process of 
wmg-development in the first scale, the semi-circular pad-like primordium 
of the second bud scale appears at the adaxial side of the growing point 
(fig- 13)- The basal extent of this primoridum is soon so great that the 
growing point of the bud is greatly decreased in size. After active marginal 
growth has commenced in the second scale, the “ regenerating ” growing point 
orms a third primordium which is lateral but somewhat ahaxially displaced 
(fig. 14). In the bud illustrated, this initial develops into a cataphyll al- 
ough, as IS shown m text figure 4, in other cases it may form a foliage leaf 
Following the appearance of the third scale, the spirally-arranged primordia 
of the fo hage eaves appear (fig. 15). The later critical stages in ontogeny 
of the foliage leaves and scales are identical with those already described in 
detail for the terminal bud and require no further discussion here fcf Foster 



The assumption has been previously made that the two 
of the axillary bud represent a pair of foliar organs decuss 
connate phyllomes forming the prophyll. The fact that f 
these two scales arise successively rather than simultaneously, 
case with paired leaves (cf. Foster, 1929, p. 451 and pp. 
throw some doubt on this interpretation. However, in a st 
yelopment in buds of coppice shoots, I have found that the 
inner pairs of scales {i.e. the second and third) may arise 
ously or successively, the mode of origin varying even ir 
Hence the successive origin of the first two bud scales cr 
disprove their assumed paired character. 
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evidence has been given, any further discussion of them seems unnecessary at 
this point. 

Since the piesent investigation has been intensive in character, the results 
of a brief comparative study of the prophylls of certain other species of Carya 
may be of interest. For the sake of the possible systematic value of these 
results, the species studied have been grouped under their respective sections. 

Apocarya 

I. Carya pecan Asch. and Gr. The axillary buds of this species are em- 
braced by an ovate-acute, bicarinate, sac-like prophyll.^- Enclosed within this 
prophyll and opposite its lateral keels occur at least on vigorous buds, two 
ternate clusters of staminate catkins.-® The latter are comparable to the tiny 
piophyllaiy buds of C. Buckleyi var. arltansana and are highly suggestive of a 
bifohar type of prophyll. Further evidence for this belief is furnished by 
the proliferation of the prophyll of buds on coppice shoots. In such cases, 
two discrete lateral prophylls, each with a lamina of three tiny leaflets are 
produced. The ontogeny of the prophyll of C. pecan has been found to 
coincide m all important details with the average type of prophyll development 
m C. Buckleyi var. arkansana. 

^ 2. Carya cordtformis K. Koch. In this species, the axillary buds are pro- 
vided with two paired valvate prophylls which are only joined at the base.®'* 
Since it seems probable that the tubular or sac-like type of prophyll in Carya 
may represent a derived condition, the separate lateral prophylls of C cordi- 
fornns may typify the primitive condition for this genus. In this connection, 
it is of interest to note that in Juglans and Plafycarya the axillary buds like- 
wise possess paired lateral prophylls.®® 


Eucarya 

Ihrough the courtesy of the curator of the Arnold Arboretum, Mr. Alfred 
Rehder, a study of several species of this section has been possible' The form 
of the adult prophyll of these species is fundamentally like that of C. Buckleyi 
arkansana. Certain interesting differences in the ontogeny of the sac-like 
prophyll, however, are worth recording. In C. ovata K. Koch and C. lacimosa 
vSehn the lateral portions of the prophyll initial are extremely prominent and 
the adaxial region deeply cleft at an early stage, thus resembling one of the 

T 3 ). Trelease (1896, PI. 13 figs 

1-3), and Woodroof (1924, figs. 2 , 3 and 4). O’ ^ • 

•lt r clusters of staminate catkins on the expanded shoot is 

illustrated by Engler (1894, %• 18D) and Woodroof (1924, fig 6 and 1930) 

®‘ For illustrations cf. de Candolle (1862, PI. I, fig. 2) and Trelease (1894, PI 13 
figs. IQ-12) . ^ 

25 Cf. de Candolle (1862, PI. I, figs. i and 6). 

-6 Cf. Trelease (op. cit. Pis, 14 and 15) for illustrations of buds of species of this 
section. 


724 


AMERICAN JOURNAL OF BOTANY 


[Vol. 19, 


common ontogenetic deviations occurring in C. Buckleyi var. arkansana. The 
later stages in development agree with the condition in the black hickory. In 
C. alba K. Koch, the ontogeny of the prophyll closely agrees with the situation 
in C. Buckleyi var. arkansana. A more specialized type of ontogeny occurs in 
C. pallida Ashe, C. glabra Sweet, C. glabra var. megacarpa Sarg., and C. avails 
var. obovalis Sarg. In these forms, the lateral and adaxial portions of the 
prophyllary zone develop at nearly the same rate, resulting in a cup-like 
primordium which soon acquires a hooded character. This type of prophyll 
ontogeny seems to be extremely infrequent in C. Buckleyi var. arkansana and 
apparently never occurs in C. alba, C. laciniosa, or C. ovata. Possibly it 
represents the most highly specialized condition in the genus. 

In conclusion, it must be emphasized that further comparative studies 
are needed before a complete account of prophyll organization in Carya can 
be given. Of the fifteen species of hickory listed by Sargent (1922, pp. 
176-177) as native, to the United States, only nine have been considered in 
this paper. An investigation of the prophylls of the other species may be 
expected to shed more light upon the foliar organization of a genus which 
still requires further critical taxonomic study. 


Summary 



1. In Carya Buckleyi var. arkansana Seirg. the axillary buds on normal 
spur or long shoots possess a sac-like prophyll which, except for a more or 
less prominent opening at its abaxial apex, completely embraces the inner 
organs of the bud. This type of prophyll is unusual in dicotyledons and hence 
deserves careful morphological investigation. 

2. The present study indicates that the prophyll is bifoliar in organization. 
The evidence given in support of this interpretation may be summarized as 
follows: 

a. The prophyll is often prominently bicarinate, the keels corresponding 
to the midribs of two connate phyllomes. , 

b. The prophyll is followed by two median scales which are regarded 
as a pair of f oliar organs decussate with the two laterally connate phyllomes 
which form the prophyll. 

c. The prophyll is supplied by five to eleven separate traces while the bud 
scales and foliage leaves possess a trilacunar node. Each lateral keel of the 

prophyll IS innervated by a strong unbranched trace which represents a mid- 
vein. 

d The presence of a trio of strong veins in each lateral region of the 
prophyll suggests two more or less independent vein systems. 

e The prophyll on vigorous shoots frequently subtends two small buds 

which are laterally placed, one opposite each keel. 

f. Under conditions of abnormal or vigorous growth, the lateral portions 
o the prophyll may proliferate to form two small simple petiolate leaves which 

are united at their base forming a short tubular sheath. 
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g. The prophyll is initiated by the elevation of the peripheral region of the 
bud piimordium. Invariably two centers of active growth which are lateral 
in position appear early in this “ prophyllary zone.” The rapid growth of 
these lateral portions is usually accompanied by the elevation of the adaxial 
region resulting in the formation of a cup-like primordium which finally be- 
comes closed later in ontogeny. The formation of paired separate prophyll 
initials on the buds of coppice shoots, together with certain other ontogenetic 
variations, indicate that the lateral portions of the “ normal ” prophyll pri- 
mordium represent two foliar initials. The unit development of the latter 
is due to a process of “ zonation ” and is not regarded as a case of “ ontogenetic 
fusion.” 

3.^ The two median scales following the prophyll arise successively at the 
growing point. These organs, as well as the inner scales and the foliage 

leaves, pursue an ontogeny similar to that of the foliar organs of the terminal 
bud. 

4- The results of a preliminary comparative study have shown a similar 
type of prophyll organization and ontogeny in C. pecan Asch. and Gr., C. 
ovata K. Koch, C. laciniosa Schn., C. alba K. Koch, C. paUida Ashe, C. glabra 
Sweet, C. glabra YZ.V. megacarpa Sarg., and C. avails var. obovalis Sarg. The 
buds of C. cordiformis K. Koch, however, possess paired valvate prophvlls 
joined only at the base. - i .? > 

I am deeply grateful to my wife, Helen Vincent Foster, for preparing 
the illustrations used in this paper. My thanks are also due to Dr. Paul B. 
Sears for his counsel on several difficult points. 

University of Oklahoma, 

Norman, Oklafioma 
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EXPLANATION OF PLATES 

All of the drawings were made with the aid of a Spencer binocular dissecting micro- 
scope at a magnification of 115.6 diameters. Measurements of buds and foliar primordia 

were made by means of an ocular micrometer used in connection with a calibrated 
microscope. For purposes of clarity, trichomes have been omitted from all figures. 

Plate L 

Successive stages m the development of the prophyll of buds on normal spur or lon^ 
shoots. The shaded region at the base of the bud in figs, i, 2, 3, 6, 7 and 9 represents 
a portion of the base of the axillant foliage leaf. 

. "^'ew of the primordium of an axillary bud (max. width, 178 75 a- 

mm. width, 1104. X 223). > / -/a--, 

Fig. 2. Abaxial view of a bud showing the initiation of the prophyll which surrounds 
a central, slightly depressed mass of meristematic tissue destined to become the growing 
point ot the bud (max. width, 250.254; min. width, lyS.ySA*; diameter of growing point’, 
71 /^. X 160), 

• ^ developmental stage, showing the central growing 

point of the bud surrounded by the rapidly elevating prophyll. Note the prominence of 
the lateral and adaxial regions of the prophyll (max. width, 321.7SA; min. width, 
250.25/^. X 115)* ’ 

.u shown in fig. 3, illustrating the notched character of 

the ^ophyll at this stage (basal width, 321-75 A; ht. to base of notch, 1434. X ns) 

_ Fig. 5. Top view of bud shown in fig. 3. Note the oval contour of the growing 
point, the longest diameter (1104) being at right angles to the sides of the completely 
embracing prophyll (X 115). 1 

• ^ developmental stage following that shown in fig 3 The 
apices of the lateral portions of the prophyll are converging towards each other and 
active growth is occurring on the free abaxial margins. The pad-like swelling at the 
base of the prophyll is the primordium of a serial accessory bud (max. width 286 4- 
max. ht. 250.25 4 . X139). 

fi, ^ showing the apices of the lateral portions of 

the prophyll in_ contact. The growing point of the bud is partially concealed by the 
rapidly converging abaxial margins of the prophyll (basal width of prophyll 357 54- ht 
to point of contact of apices, 214.54. X 103). ^ .ooz-ae-, i. 

7- Note the greatly decreased prominence 
of the adaxial notch of the prophyll (cf. with figs. 4 and 5). The growing point of the 

black' "(xloa) ® within the prophyll is merely shown in 

Fig 9. Abaxial view of a developmental stage following that shown in fig 7 The 
prophyll has enlarged m size and its rapidly converging abaxial margins have nearly 
concealed the growing point of the bud (max. width, 357.5 4 max. ht., 2864. X 109). 

Plate LI 

Fig. 10. Abaxial view of stage following that shown in fig. 9. As a result of the 
convergence of its abaxial margins, the prophyll has the form of a closed sac (max 
Width and ht, 500.5 R X 77). v. 

Figs 11-15. Critical stages in the development of the inner foliar organs of the 
axillary bud; the prophyll has been removed in every case. The shaded region at the 


728 


AMERICAN JOURNAL OF BOTANY 


[Vol. 19, 


base of figs. 11-13 represents the position of the lateral region of the prophyll; in figs. 
14 and 15, it represents the position of the first bud scale. In all but fig. ii, the significant 
dimensions of the larger primordia are expressed in terms of basal width X height. 

Fig. II. Lateral view of the growing point (shown at right of figure) and the 
primordium of the first scale (diameter of g.p., iio^; basal width of scale-primordium, 
143/^- X 172). 

Fig. 12. Lateral-dorsal aspect of a later developmental stage of the first scale; grow- 
ing point shown at right of figure (first sc. 143 X 178.75 /u. X 139). 

Fig. 13. Lateral aspect, as seen from above, of the first scale (shown at the left) 
and the crescentic, pad-like primordium of the second scale. A portion of the growing 
point may be seen at the left of the ventral surface of the primordium of the second 
scale (first sc. 214.5 ^ X I 43 i“; second sc. 178.75/^X7!/^. X 181). 

Fig. 14. Ventral aspect of a later developmental stage of the second scale, and 
lateral aspect of the papillate primordium of the third scale just arising from the grow- 
ing point (shown in the figure at front and to the right). (Second sc. 150 /^X I 43 
X 167). 

Fig. 15. Ventral aspect of a much later developmental stage of the second scale 
(which now possesses massive wings) and lateral view of the primordium of the third 
scale. Partially covered by the left wing of the second scale and overshadowed by the 
primordium of the third scale, is a tiny foliar initial which probably would have devel- 
oped into a foliage leaf (second sc. 321.75 X 321.75 /i; third sc, 143/^X1101/4. X 
102). 

Fig. 16. Abaxial view of a young axillary bud illustrating a common variation 
from the type of prophyll ontogeny shown on Plate L. Note that while the abaxial rim 
connecting the lateral portions is definite, the adaxial region is deeply cleft (max. 
diameter, 357.5 ; min. diameter, 250.25 / 4 . X 98) . 

Figs. 17 and 18. Successive stages in the development of the axillary bud of coppice 
shoots, illustrating the formation of paired prophylls. 

Fig. 17. Very young stage, showing two discrete, laterally-placed prophyll initials, 
between which is seen the flattened growing point (max. diameter, 321.75 /c; min. di- 
ameter, 250.25 /4. X 127). 


Fig. 18. Abaxial view of a later developmental stage. Note the adaxial convergence 
of the two asymmetrical prophylls which are widely separate abaxially and valvate near 
their bases adaxially. The swelling shown between the abaxial bases of the prophylls 
represents the primordium of the first scale, posterior to which occurs the growing point 
of the bud. The cushion-like elevation in front and at the base of the axillary bud is 
the primordium of the serial accessory bud (max. diameter, 429 p; min. diameter, 250.25 p; 
space between abaxial bases of prophylls, 70/4. X 88). 
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CONTRIBUTIONS TO THE CHEMISTRY OF THE PLANT CELL 
WALL VI. FURTHER STUDIES ON THE LOCATION 
OF LIGNIN IN THE CELL WALLS OF WOOD 

Wm. M. Harlow 

(Received for publication March 6, 1932) 

In 1925 Ritter (12) opened a new field of res<barch,, by treating thin sec- 
tions of xylem with some of the reagents commonly used in the chemical 
analysis of wood. By watching these sections with a microscope during the 
various treatments, he was able to study the distribution of lignin and cellu- 
lose in the cell walls themselves. This was a new departure in the case of 
wood/ since the usual quantitative procedures in which samples of sawdust 
are used give no indication of the chemistry of the various cell wall layers, 
or of the different cell types present. The use of certain so-called micro- 
chemical ’’ stains, as indicators of chemical composition in work of this 
nature, has been reviewed elsewhere (4) , and need not be considered in this 
paper. 

With the above technique, Ritter showed that the middle lamella or central 
layer of the cell wall was lignin, since it was insoluble in 72% sulfuric acid, 
and soluble when treated several times with chlorine followed by sodium 
sulfite solution. He concluded, moreover, that the larger portion of the lignin 
in wood was located in this layer. In the first instance, after the initial reac- 
tion of the sulfuric acid, a finely divided, amorphous residue was observed 
in the place previously occupied by the cell wall layers between the middle 
lamella and the lumen of the cell.^ This brownish material was termed cell 
wall lignin.'^ Harlow (4) repeated these experiments with thin sections of 
wood, and corroborated Ritter’s observations concerning the middle lamella,® 

^ In 1888 Mangin (ii) reported the results of numerous experiments on the chemistry 
of the cell wall, but most of his material was of the non- woody type. 

2 In some instances these may be further differentiated either structurally or in a few 
instances chemically, into well marked secondary and tertiary layers. 

^ It has been found recently that the middle lamella of the parenchymatous wood 
ray cells in the sapwood of v/estern yellow pine is soluble in 72 percent sulfuric acid. 
This interesting exception will be investigated further in connection with the transition 
between sapwood and heartwood in the hard pines. 
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but was unable to find the ‘‘ cell wall lignin as described in the original 
paper. Instead, it was observed that in the hardwoods/ the cell wall layers 
other than the middle lamella swelled rapidly during the acid treatment, and 
in most cases dissolved completely (PL LII, figs. 1-2).^''' The cell walls of 
the softwoods, in contrast, retained their structural form, and although greatly 
swollen, did not appear to dissolve as in the hardwoods. Likltke (10), and 
Scarth (14) and his co-workers have recently illustrated this fact in spruce. 
On the basis of these observations, it was suggested that in the tracheids and 
fibertracheids of the hardwoods, there was very little if any lignin in the 
secondary cell walls, while in the softwood tracheids these layers were ap- 
preciably lignified. More recently, it has been showm (6) that these differ- 
ences in behavior may be correlated with some of the physical properties of 
hardwood and softwood lignin, respectively, as prepared by the usual sulfuric 
acid method. At this point, it should perhaps be noted that when thin sections 
of either hardwoods or softwoods are treated wdth the acid and allowed to 
stand for some time (15 minutes to an hour or more) a finely divided, amor- 
phous, brown residue precipitates out from the previously clear solution (fig. 
3). This is iDresumably the substance referred to by Ritter (12) as “cell 
wall lignin.’’ However, in the. hardwoods, complete dissolution of the cell 
walls occurs during the first few minutes of the acid reaction, while this amor- 
phous deposit does not appear until sometime later. There is, therefore, no 
way of knowing from what portion of the cell w^all it originated. Whether 
or not it can be classified as “ lignin ” will be considered in another section. 

On the assumption that cell wall lignin occurred as previously described, 
Ritter (1. c.) devised a technique for separating this form of lignin quanti- 
tatively from that residual in the middle lamella. Small cubical blocks, 3 mm. 
on edge, were prepared from the wood of several species, and after ex- 
traction with alcohol-benzol, were treated for 24-36 hours with 72 percent 
sulfuric acid. The diluted wood-acid mixture was then boiled for five hours, 
and the finely divided, dark brown amorphous material (“cell wall lignin”) 
thus obtained was separated mechanically from the blocks of “ middle lamella 
These were then boiled in water, with intermediate washings, for a 
total of 16 hours. The additional residues thus separated were added to that 
obtained at first, and the sum total weighed as “ cell wall lignin.” Although 
Harlow’s (4) experiments were confined to thin sections, he pointed out 
that the prolonged boiling of the blocks is “an extremely drastic treatment 
of the fragile structures remaining after digestion in concentrated acid ; ” 
Freudenberg and his co-workers (3) have also criticized this technique for 
similar reasons. Since then considerable work has been done with small 
blocks of this sort and the results of these experiments are given below. 

Quantitative Experiments with Small Blocks 
zA.t the start, it was suspected that the fine amorphous residue which ap- 
peared upon dilution of the wood-acid mixture, might not be the same as 
Hardwoods— dicotyledonous trees ; softwoods — coniferous trees. 

species. 


lignin. 
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that derived from the subsequent boiling of the blocks. These two “ frac- 
tions ” were, therefore, kept separate from each other. In the initial treat- 
ment, the blocks were allowed to stand for 48 hours in the concentrated acid 
at room temperature. The resulting daidc colored mixture was then diluted 
and brought to a boil. After partial settling had taken place, the blocks were 
carefully removed and washed by decantation. The copious brown, flocculent 
residue, cell wall lignin, remaining in sus2)ension was then collected on 
matched filters (7) and, incidentally, irroved exceedingly difficult to wash, 
on account of its somewhat gelatinous nature. The blocks were then boiled 
under a refiirx in the diluted acid filtrate for five hours, and finally for sixteen 

Table i. Percentage of Lignin in Two Woods, Sampled as Small Blocks 



houis in watei, as specified by Ritter. The fine residue thus collected was 
fared separately on matched filters. The lignin yields of the blocks and of 
the first and second residues, respectively, from red alder and western yellow 
pine, are recorded in table i. 

Of much more importance than these quantitative yields is the fact that 
the undried residues proved to be quite different from each other when viewed 


Species 

Lignin 

in 

Small 

Blocks 

1st Residue, 
After 
Dilution 
(Amorphous) 

Lignin of 

2d Residue, 
After Boiling 
(Structural) 

Total Amount 
of “Lignin" 

Red Alder {Alnus rubra Bong.). . . . 

. .22.7 

2.3 

.3 

25.3 

Western Yellow Pine {Pinus ponde- 

22.5 

2.8 

•3 

25.6 

rosa Laws.) 

. .26.0 

2.2 

.r 

28.^ 


26.1 

3,-3 

.1 

29.5 
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with the microscope. The flocculent substance which precipitated at first was 
amorphous in character, and was apparently identical with that appearing 
when thin sections were allowed to stand in small amounts of concentrated 
acid for a considerable time (text fig. i). In contrast, the residues from 
the boiled blocks were definitely structural in nature, and simply consisted 
of small pieces which had been removed mechanically by this prolonged treat- 
ment (fig. 4). 

It would appear, therefore, that Ritter’s '‘'cell wall lignin” consists of 
at least two different types of material which he presumed to be identical. 
For this reason, the relative quantitative yields of " cell wall lignin ” and 
"middle lamella lignin” which he reported in a subsequent paper (13) have 
questionable significance, since smaller blocks were used and the total surface 
area was thus increased. This would allow more particles to be separated 
by the boiling treatment, and would increase the quantity of the " cell wall 
lignin ” obtained. The methoxyl content ascribed to such " cell wall lignin ” 
may perhaps be explained by the fact that in Ritter’s technique, portions of 
the blocks are removed by boiling and are intermixed with the amorphous 
material obtained at first. 

Table 2 shows the amount of " block lignin ” and amorphous material ob- 
tained by the writer from several woods. In every case the wood-acid mix- 

Table 2. Percentage of - 'Block Lignin'^ and Amorphous Material from Several Woods 

Lignin Total Lignin in 

in Amorphous Amount Sawdust 
Small Material of from Same 

Blocks ‘'Lignin” Sample 

.26.6 3.9 30.5 29.7 

26.5 3.9 30.4 29.8 

.24.6 2.2 26.8 24.3 

24.7 2.2 26.9 24,2 

•274 4-5 31-9 305 

27.5 4-6 32.1 

•35-d 4 36.0 35-3 

35-5 4 35-9 

•334 -5 33-9 

33-1 ^5 33-6 

ture was diluted, brought to a boil, and allowed to settle. The blocks were 
then removed and washed, as indicated above, and no further hydrolysis was 
undertaken. Parallel determinations with sawdust from the same samples are 
also included for comparison. 

The Micro-structure of the Acid Treated Blocks 

To discover the effect of the concentrated acid on the interior of the small 
blocks, Ritter (12) allowed the washed samples to dry out to about fiber 
saturation point (30 percent moisture content), and then impregnated them 
with melted paraffin. Thin microtome sections were prepared from the cooled, 


Species 

Red Alder (Different sample from that in 
Table i) 

Basswood {Tilia glabra Vent.) 

Red Gum (Liquidambar styraciflua L.) 

Douglas Fir {Pseudotsuga taxifolia Britt.) . . 

White Fir (Abies concolor Lind. & Gord.). . . 
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solidified matrix with its imbedded material. This technique was followed 
in the present instance, and Plate LIII, figure 5, depicts a section of a red 
alder lignin block prepared as indicated in Ritter’s original paper. Unfortu- 
nately, when the blocks are dropped into the melted paraffin, a sudden and 
marked shrinkage takes place, and sections cut from such material do not 
show the structural details originally present before their immersion in the 
embedding medium. In contrast, the following schedule permits of slow in- 
filtration of the blocks at room temperatui'e, and preserves more nearly the 
natural appearance of the tissues. 

Embedding Schedule for Small Blocks of Lignin 

1. Wash the blocks thoroughly by decantation. 

2. Place them in a cartridge vial ; cover with absolute ethyl alcohol, and aspirate for 
15 to 20 minutes. 

3. Repeat using a fresh change of alcohol 

4. Change the alcohol, stopper the vial, and allow it to stand for 20-30 minutes. 

alcohol and substitute a 50-50 percent mixture of alcohol and xylol 
(milkmess at this point indicates incomplete dehydration and is ruinous; however too 
long immersion in alcohol will result in a partial dissolving of the lignin and must be 
avoided). 

d Substitute pure xylol, and after one to two hours add some small shavings of 
paraffin. As these disappear, add more until the additional paraffin falls to dissolve at 
room temperature. Then place the vial in an oven which is regulated at the melting 
point of the paraffin. Add paraffin in excess and allow it to dissolve or melt at the 
temperature of the oven. 

. xylol-paraffin mixture and substitute pure melted paraffin. Decant 

1 11s immediately, taking care to remove the “ scum ” which sometimes appears at the 
surface and which contains a large share of the xylol present. Substitute fresh paraffin. 

8. After one or two more changes (2-3 hours apart) the material should be entirely 
free from xylol (this is necessary for successful sectioning later). 

9. Pour out the melted paraffin and blocks into a paper tray’ and after arranging 
the material, cool quickly on a cold plate, or float the tray on cold water. 

Figure 6 shows a transverse section of a block of red alder lignin from 
the same sample as that depicted in figure 5 but embedded gradually, using 
the technique just given. It is evident that not only the middle lamella, but 
also the other layers of the cell wall still retain their structural identity. That 
this should be true in the softwoods (fig. 7) was not surprising, since thin 
sections behaved in a similar fashion, but with the hardwoods it was an alto- 
gether unlooked for result. Objections may be raised that the acid did not 
penetrate completely, and that the cell walls as seen with the microscope still 
contained part of the undissolved polysaccharides. This does not seem prob- 
able for the following reasons : 

I. Thin sections of the acid-treated blocks (after removal of the paraffin) 
were completely^ soluble when treated several times with bromine followed 
by weak ammonia (one of the quantitative methods for the removal of lio-nin 
from wood). ^ 

® Small blocks of wood from which the polysaccharides have been removed by acid 
treatment, as previously described. 
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2. The sections did not transmit polarized light. 

3. Sections cut from the outer surfaces of the blocks where initial contact 
was made with the acid, appeared very similar (except for greater swelling) 
to sections cut from the interior. 

4. The quantitative yields of lignin from sawdust samples of the same 
piece of wood were only slightly lower than those of the blocks.'^ 

In both hardwoods and softwoods, however, the relative densities of the 
middle lamella and the remainder of the cell wall appear to be quite different. 
This was demonstrated by dissolving with xylol the paraffin from the lignin 
sections, and replacing this solvent with a few drops of absolute alcohol. A 
section was then observed with the microscope while the alcohol evaporated 
from the slide, and as the mount dried, a remarkable change took place. The 
thick, much swollen walls began to shrink, and within a few seconds had 
almost disappeared except for the network of the middle lamella. Figure 8 
illustrates this condition and shows the shrunken remains of the secondary 
cell walls. Whether the remaining network represents more than the original 
middle lamella cannot be so easily determined, but in any event, the sec- 
ondary layers seem to contain only a very small portion of the total lignin 
of the wood. 

Discussion 

It should be clear from the above experiments that in both the hardwoods 
and softwoods studied, the secondary walls of the principal longitudinal ele- 
ments contain small but appreciable amounts of lignin. Moreover, when the 
proper technique is employed, this portion of the lignin in wood remains in 
situ in the cell wall, and apparently does not lose its structural configuration. 
Ritter’s (12) interpretation, as previously indicated, is based upon the ap- 
pearance of material embedded in such a way as to alter, drastically, the struc- 
tural features still remaining after acid treatment. 

The occurrence of the dark brown amorphous material, however, has yet 
to be explained. Of the greatest importance to this discussion is the recent 
experimental work of Sherrard and Harris (15), in which they show the 
effect of time, concentration, and especially temperature upon the quantitative 
yields of lignin as obtained by the usual sulfuric acid method. In this paper 
they state : The comparative ease with which carbohydrates may be converted 
into a lignin-like substance at elevated temperatures suggested that the same 
effect may be produced when sulfuric acid comes in contact with the wood.” 
Preliminary experiments were performed with solutions of cellulose in 72 
percent sulfuric acid, and they found that after 36 hours standing at 25° C., 3 
percent of a dark colored lignin-like substance remained after dilution and 

' The higher lignin yields of the blocks may be due to incomplete hydrolysis of the 
dissolved polysaccharides near the center. This could probably be avoided by boiling the 
dilute acid mixture for several hours as suggested by Ritter (loc. cit). This would, of 
course, as already noted, also remove small particles from the blocks. However, sections 
Irom blocks prepared according to Ritter’s technique appeared in every way comparable 
with those from blocks which had not received the prolonged boiling treatment. 
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hydrolysis. This substance after chlorination was soluble in sodium sulfite 
so ution. ^ Previous to the appearance of this paper, similar qualitative experi- 
ments with cellulose were^ performed in this laboratory, and text figure 2 
s ows, at high magnification, some of the charred material obtained. By 
visual companson it seems to be very similar to the “dark brown amorphous 
materia rom wood, mentioned earlier. From the foregoing experiments 
It seems quite probable that Ritter’s “ cell wall lignin ” is a mixture of this 
carbonized material from the polysaccharides of the cell wall plus portions of 
the lignin lenioved from the blocks by vigorous boiling. 

Sherrard and Harris ( 15) state that 70 percent sidfuric acid is preferable 
to 72 percent ; that the temperature should be maintained at approximately 
xo L. ; and that the time .should be limited to 7-16 hours. Under these con- 
ditions the lowest yields of lignin, and the highest yields of reducing sugars 
were obtamed, simultaneously, and the isolated lignin had a high metlmxyl 

Snink ' that “if the percentage of niethoxyl in the isolated 

gmn may be considered as a check on the purity, sulfuric acid under the 

XTmethod's 

The quantitative yields of amorphous material (charred polysaccharides) 
recorded m table 2 suggest that the previous percentages of lignin which other 
workers have obtained by the usual method at room temperature are all too 
ig . This is true since m several species of wood, the charred material may 
amount to 3-4 percent of the oven-dry weight of the sample. Careful ad- 

yTeuTar? dt'ir" 

still sesm to strengthen 

_ further Ritter s (12) original conclusion that most of the lignin in wood 

IS located in the middle lamella. The lignin of the secondary walls, althoiwh 

Son o/trT?!',-” represents but a small 

Scare’s f T'k” P^^haps answer 

" ^ objection to Rittei s contention. Unfortunately at the present 

time no technique is known to the writer for separating. quLtitativdy tTe 

hgnin of the middle lamella from that of the remainder of th^ cell wall Until 

the ceV'^T^ 5“'’ proportion of lignin in the various layers of 

wall must remain largely a subject for conjecture. It may be of in- 

® Small blocks, sawdust, and thin transverse sections of several hardwoods and 
woods were treated according to this new technique and the residues examined with a 
m Cl oscope for evidences of carbonized material. In the softwoods, the concentrated 

smktt'teaSs 0^°'* during the 16 hours treatment, and only the 

. lallest traces of amorphous material were subsequently found. In the hardwoods small 

amounts of amorphous material were obtained when sawdust or thin sections were used 
but this may represent the reprecipitated lignin of the secondary wall. Small blocks of 
basswood and red gum were not thoroughly penetrated by the acid after 16 hours im- 
mersion. Longer immersion resulted in an appreciable darkening of the solutL Car- 

the softwoFds.^id 
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terest to note that the lignin of the secondary wall is less resistant to deligni- 
fying reagents than that of the middle lamella. This was pointed out for the 
softwoods in a previous paper (4) and was confirmed with the hardwoods 
used in the present investigation. Ludtke (lo) is of the opinion that all of 
the lignin in the woody cell wall is located in the middle lamella, and believes 
that the acid-resistant secondary wall is composed of a chemically different 
foi'eign substance. While it is true that this layer (or series of layers) is 
more easily attacked by certain lignin solvents than is the middle lamella, it 
does not necessarily follow that these two adjacent portions of the cell wall 
are different chemically. As already indicated, the secondary layers seem to 
be exceedingly porous or sponge-like in character, and presumably permit a 
more rapid penetration of the various lignin solvents than does the more com- 
pact middle lamella. 

The results of the above experiments with small blocks can not be recon- 
ciled with a previous statement (4) that the cell walls of the hardwoods con- 
tain practically no lignin. Objections raised at the same time concerning the 
efficacy of the Maiile test in microchemical analysis also lose part of their 
validity. 

The structure of the cell wall lignin presents a number of interesting 
problems some of which will be the subject of further research. It would 
seem especially desirable to correlate, if possible, the swollen lignin from 
which the cellulose has been dissolved, with the fusiform units and fibrils of 
the cell wall as described by Ritter (12), and figured in a three-plane sketch 
by Scarth (14). It is probable that a study of the porous structures of the 
wall indicated in figures 7 and 8 may hold the answer to this problem. From 
the behavior of the secondary cell walls, it may be assumed that the lignin 
remaining in them after the acid reaction, consists of particles which are very 
loosely held together. It also seems evident that in the hardwoods studied, 
the structure of the cell wall is more open than in the softwoods. This is 


shown by the striking differences in behavior of thin sections or sawdust from 
the two types, respectively, when treated with concentrated sulfuric acid. The 
differences are less marked when small blocks are used because the penetration 
of the acid is slower and the mass of the block reinforces the individual cells, 
thus preventing them from bursting during the removal of the polysaccharides. 
The differences in relative porosity are evidenced in figures 7 and 8, but 
similar sections must be observed and photographed using the highest mag- 
nifications available, before we may draw any satisfactory conclusions. 

It will also be necessary for investigators to experiment with a relatively 
large number of woods before any general statements can be made concerning 
the chemistry and structure of the cell walls of xylem. This has been illus- 
trated in part by the recent work of Dadswell (2) in which he shows a section 
of an Australian hardwood treated with 72 percent sulfuric acid. In this 
species a lignin pattern remains which is not entirely comparable with that 
of our native woods observed thus far. At present it is necessary to use 
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woods which can be sectioned without preliminary softening in hydrofluoric 
acid, since this reagent changes certain chemical properties of the sample 
(4). Ihis situation is a handicap because it is almost impossible to section 
many native and foreign woods without first softening them. If such a 
method can be found which does not at the same time alter the wood chem- 
ically, the material available for research of this nature will be greatly in- 
creased. In future work it would also seem advisable to observe' the effect 
0 the various reagents not only upon thin sections but also upon small blocks 
as suggested by Ritter (12). 

The concept of “ ligno-cellulose ” as originally proposed by Cross and 
Bevan (i) and adhered to by a number of investigators should perhaps be 
discussed in connection with the results of the present experiments. Accord- 
mg to this theory, the cellulose and lignin in the cell wall are combined chem- 
mally and this complex substance is termed “ ligno-cellulose.” Konig and 
ump (9) objected to this explanation as applied to wood, since they found 
that secbons treated with various reagents still retained their structural fea- 
ures. i his position was further strengthened by Ritter’s (12) work on the 
taella althoagl. the concap, of a chemical a„i„„ betweerthe iil 
and cellulose of the secondary cell wall was not necessarily imcompatible with 
his resu s. The experiments recorded in this paper seem to disqualify still 
further the term ligno-cellulose ” as it refers to wood. Instead, a striture 
must be visualized from which either of the two principal components may 
be removed without destroying the general configuration of the one remaining. 
Fieudenberg (3) has recently described in considerable detail the structure 
aito chemistry of the cell wall, and has arrived at a similar conclusion, while 
Budtkes (10) experiments also serve to strengthen this position. 

Scarth (14) states “that the remarkable resistance of medullary ray cells 
may be due to a high lignin content. . . .” This fact had already beL pointed 
out in an earlier paper (5) m which the wood rays of two species oi hard- 
woods were dissected and analyzed quantitatively. Scarth also states that the 
CO 01 leaction of wood with phloroglucin is due to small amounts of aldehydic 
substances in the wood. Hoffmeister (8) has shown that this color tes^t is 
due to the presence of small quantities of a derivative of coniferyl aldehyde. 

Summary 

I The contention that most of the lignin in wood is located in the middle 
lamella IS further substantiated. iniuaie 

of tter^V^r liguin of the secondary walls of most 

J^^lfuric concentrated 

exceedingly porous and is loosely held to- 
gether; It IS apparently less dense in the hardwoods than in the softwoods 

othrrsTfwdlR ^ studied, although it may be true of many 
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4. “ Cell wall lignin ” as previously described by Ritter consists of the 
charred decomposition products of the polysaccharides of the cell wall in 
addition to fragments removed from the lignin blocks by prolonged boiling. 

5. Lignin prepared with 72 percent sulfuric acid at room temperature 
may contain as much as 3-4 percent of charred material from the polysac- 
charides of the wood. This may probably be obviated or reduced by the use 
of Sherrard and Harris’s recently proposed modification of the method for 
isolating lignin. 

6. Future research of this nature should take into consideration the 
physical changes which accompany the removal of the cellulose from the cell 
wall when such reagents as concentrated sulfuric acid are used. 

7. Further evidence has been presented to show the defects in the ligno- 
cellulose ” concept as applied to wood. 

Thanks are due to Drs. H. P. Brown and L. E. Wise, and to Mr. Floyd C. 
Peterson for helpful suggestions. 

New York State College of Forestry, 

Syracuse, New York 
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DESCRIPTION OF PLATES 

Plate LII 

Fig. I. a transverse section of red alder wood during treatment with 72 percent 
sulfuric acid. X 175. ■ 

Fig. 2. The same after complete dissolution of the cellulose. X 175. 

Fig 3. The same after standing for one hour. Note the reprecipitated amorphous 
material. X i75. 

Fig. 4. Structural remnants obtained by boiling the small blocks of lignin for 
several hours. X 430. 


Plate LIII 

Fig. s. a transverse section cut from a block of red alder lignin embedded in melted 
paraffin. Note the shrunken condition of the cell walls. (Background opaqued for 
better contrast.) X Soo. 

Fig. 6. A transverse section from a block of the same sample, embedded gradually 
as described in the text. X 500. 

^ Fig. 7. A transverse section from a block of western yellow pine lignin, embedded 
in the same manner. X500, 

hiG. 8. A similar section to that in figure 6; after the removal of the paraffin the 
section was allowed to dry from absolute alcohol. Note the shrivelled remains of the 
secondary walls. X 500. 


SOME UNDESCRIBED FLOWERING PLANTS FROM SOUTH 

AMERICA 


H. A. Gleason 

(Received for publication March ii, 1932) 

Dichorisandra macrophylla sp. nov. Catile crasso prostrate ad nodos 
radicante, internodiis elongatis, superne adscendente; foliis confertis anguste 
ellipticis acuminatis basi cuneatis in petiolum latum utrinque minute pubes- 
centibus ; panicula unica terminale multifiora, pedunculo valido ; bracteis line- 
aribus pedicellos aequantibus; sepalis lateralibus oblique ovatis, posteriore 
rotundato; petalis posterioribus late obovatis connatis, anteriore obovato 
saepe 3-lobato ; staminibus quadrimorphis ; ovulis 4-5 in quoque loculo. 

Stem (or rhizome) stout and fleshy, prostrate, rooting at the nodes, with 
elongate internodes, assurgent and leafy at the summit; leaves crowded, 
narrowly elliptic, 20-30 cm. long, 7-10 cm. wide, acuminate, cuneate at base 
into a broad sheathing petiole, very minutely pubescent on both sides ; panicle 
solitary, terminal, many-flowered, 5-8 cm. long, on a stout, minutely pubescent 
peduncle 5 cm. long; bracts linear, 3-5 mm. long, equaling the pedicels; 
flowers zygomorphic; lateral (anterior) sepals obliquely ovate, obtuse, freely 
veined and black-dotted, 9.5 mm. long; posterior sepal 11.5 mm. long, folded 
into 2 semicircular halves; posterior petals coherent for two thirds of their 
length, very broadly obovate or subrotund, slightly oblique, with the more 
concave side anterior, 12 mm. long, freely veined and black-punctate; anterior 
petal obovate, 10 mm. long, often 3-lobed; posterior stamen: filament very 
short, often narrowly winged; anther linear-oblong, somewhat falcate and 
incurved, 4.5^ long; postero-lateral stamens: filament very broad and flat, 
with a conspicuous midnerve; anther narrowly triangular, 5 mm. long, the 
pollen-sacs divergent and unequal at base ; antero-lateral stamens : filamenr 
flat, 4 mm. long; anther oblong, 2 mm. long, obtuse or retuse, the two thecae 
equal in size but the posterior always higher than the anterior ; anterior stamen : 
filament intermediate in length, reverse-triangular, the wing broadening above 
and continued along one side of the anther nearly to its summit; anther 
nai lowly ovoid, 5 mm. long, slightly falcate and incurved; all anthers opening 
by 2 minute terminal pores ; ovary subglobose, 3-celled, with 4 or 5 ovules in 
each cell ; style cylindric, 6.5 mm. long. 

Type, Ynes Mexia 4403, collected on the lands of the College of Agricul- 
ture at ViQosa, Minas Geraes, Brazil, alt, 670 m., and deposited in the her- 
barium of The New York Botanical Garden. The collector describes it as a 
perennial herb growing in dense shade in rich humus, the flowers bright blue, 
the leaf purple beneath and striped with lighter green above. She also col- 
lected it as number 4339> bud some two weeks earlier, and as tio. 4648a, 
in fruit two months later. 

Tibouchina triflora sp. nov. § Diotanthera: caulibus herbaceis erectis 
papilloso-villosis, inteinodiis elongatis; petiolis brevibus strigosis; foliis lan- 
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ceolatis acuminatis integris basi subrotundis 7-nerviis utrinque dense strigosis ; 
cymis terminalibus et ex axillis superioribus, 3-floris longipedunculatis, pedicel- 
lis lateralibus terminalem excedentibus ; floribus 5-6-meris; sepalis erectis 
persistentibus lineari-subulatis hypanthium anguste campanulatum subduplo 
excedentibus ; staminibus forma similibus magnitudine dissimilibus, connective 
brevissinie producto crasso U-forme, filamentis glabris; ovario 5-6-loculare 
supra hispido ad apicem 5-6-lobato ; stylo glabro, stigmate punctiforme. 

Herbaceous, erect, sparsely branched; stems nearly terete, densely villous 
with papillose hairs, the internodes as much as ii cm. long; petioles 2-6 
mm. long, densely strigose; leaf-blades thin, lanceolate, 5-9 cm. long, i. 5-2.5 
cm. wide, long-acuminate, entire, broadly obtuse to subrotund at base, 7- 
nerved, closely strigose on both sides, especially on the veins beneath, inflores- 
cence of three 3-flowered cymules, terminal and from the uppermost axils; 
peduncles 3-5 cm. long, pubescent like the stem; pedicels of the terminal 
flowers 3-5 mm., of the lateral 10-20 mm. long; flowers 5-6 merous; hypan- 
thium narrowly campanulate, 5.5 mm. long to the torus, about 3 mm. in 
diameter, densely hispid with light-brown erect hairs 1.2-1.5 mm. long; 
calyx-tube nearly a millimeter long, sepals erect, herbaceous, persistent, 
linear-subulate, 8.3 inm. long, 2.3 mm. wide at base, thence abruptly narrowed 
to I mm., hirsute like the hypanthium ; petals magenta, oblicpiely obovate, 9 
mm. long, 8 mm. wide ; stamens similar in form but of two sizes ; filaments 
3.8-4 or 4.3-4.^ m. long, glabrous ; anthers linear-subulate, 3—3.3 or 3.7— 4.2 
mm. long, opening by a terminal pore ; connective very stout and U-shaped, 
the basal lobes curved-erect, 0.7 mm. long; ovary 5-6-locular, mostly free, 
glabrous below, densely hispid above, prolonged at the summit into 5-6 erect 
finger-shaped lobes surrounding the base of the style ; style slender, glabrous, 
7.5 mm. long; stigma punctiform, not expanded. 

Type, Killip 7925, collected at “La Gallera,” Micay Valley, Dept. El 
Cauca, Colombia, alt. 1800-1900 m,, and deposited in the herbarium of The 
New York Botanical Garden; Killip 76^0 was collected in the same place but 
at 400 m. lower elevation. About a third of the flowers are 6-merous. In 
foliage the species is completely distinct from all other species of the section. 
According to the arrangement of the genus by Cogniaux, it would be placed 
near species 120-122, T. Rusbyi, T. mollis, and T. Solmsii. 

Meriania axinaeoides sp. nov. § Umbellatae: arbor ramis glabris 
obscure angulatis ; petiolis glabris brevibus ; laminis firmulis anguste obovatis 
abrupte et breviter acuminatis integris ad basin longe cuneatis 5-pli-nerviis 
supra glabris subtus reticulatis ad nervos 3 majores breviter pilosis ; panicula 
pedunculata submultiflora ; floribus pedicellatis 5-meris ; hypanthio late hemis- 
phaerico glabro ; calyce ad anthesin irregulariter fisso lobis ovatis vel rotun- 
datis; dentibus exterioribus parvis conicis ; petalis rubris obovatis; staminibus 
aequalibus; antheris subulatis arcuatis, connectivo ad basin incrassato in cal- 
carem brevem producto ; ovario libero ovoideo corona ornato. 

Petioles i cm. long; leaf-blades 10-18 cm. long, 4.5-6 cm. wide, the veins 
impressed above, elevated beneath, the tertiaries prominently reticulate; in- 
florescence glabrous, 8 cm. long, about 20-flowered, its branches strongly 
angular ; pedicels 5-10 mm. long ; hypanthium 4.3 mm. long to the torus ; calyx 
widely spreading at anthesis, its lobes 3 mm. long, subcoriaceous ; external 
teeth 1-1.5 mm. long, at the center of the lobes ; petals 9-10 mm. long ; fila- 
ments flat, 8 mm. long; anthers 8—9 mm. long, the basal spur triquetrous, 
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acute, 2 mm. long; ovary 4 mm. long, lo-ribbed, surmounted by a corona 
of linear-subulate scales 1-1.5 mm. long; style slender, 8.5 mm, long; stigma 
punctiform. 


Type, Buchtien 1001, collected at San Carlos, in the Mapiri region, Bolivia, 
alt. 850 ni., and deposited in the herbarium of The New York Botanical 
Garden. Its short exterior teeth distinguish it from all described species of 
the section except M. quintuplinervis Naud., a Colombian species in which 
the leaves are rounded or subcordate at base and the hypanthium densely 
pubescent. 


Graffenrieda stellipilis sp. nov. Arbor parva ; caulibus petiolis inflor- 
escentia et hypanthiis arete stellato-tomentellis ; laminis ovato-oblongis char- 
taceis acuminatis integris basi subrotundatis 3-nerviis supra juventute stel- 
latis mox glabresceiitibus subtus ad paginani sparse ad venas dense stellatis; 
floribus sessilibus S-meris ; calyce subtrimcato minute 5-dentatis ; petalis extus 
sericeis; antheris basi calcaratis; ovario 3-loculare villoso; stigmate puncti- 
forme. 

Tree 4 m. high; young branches strongly compressed, densely and closely 
tomentulose with brown stellate hairs ; petioles stout, 2-3 cm. long, pubescent 
like the stem; blades thin, ovate-oblong, as much as 16 cm. long by half as 
wide, acuminate, entire, rounded or broadly obtuse at base, 3-nerved, the 
upper side thinly stellate when young, soon becoming glabrous on the surface, 
persistently stellate on the midvein, the lower side sparsely stellate on the 
surface, densely so on the midvein; veins plane above, elevated beneath, the 
secondaries 5-10 mm. apart; panicle small, freely branched, pubescent like the 
stem ; flowers sessile, 5-merous ; hypanthium campanulate, about 2 mm. long to 
the torus, deiisly stellate; calyx-tube prolonged 1.3 mm., essentially truncate, 
the sepals represented by 5 minute teeth; petals (immature) sericeous ex- 
ternally; anthers with a conspicuous dorsal spur; ovary free, 3-celled, villous 
above, lo-alveolate; style straight; stigma punctiform. 


Type, Buchtien 7407, collected at the Hacienda Casana, above the road to 
Tipuani, Bolivia, alt. 1400 m., and deposited in the United States National 
Herbarium, no. 1 399^6- Buchtien 740S, collected in the same locality six 
weeks later, exhibits the fruit enclosed by an ovoid-urceolate hypanthium ; its 
leaves are somewhat larger, reaching a length of 21 cm. 

Most species of Graffenrieda have well differentiated sepals, usually tri- 
angular in shape, but even the youngest buds on the type of G. stellipilis show 
only minute teeth. It does not appear to be related to the other 5-merous 
species nor to the small group with pubescent ovary, but resembles more 
clos^y G, parvi flora Cogn,, a Bolivian species with sparsely pubescent stem, 
pilose midvein, and nearly glabrous hypanthium. 


Miconia pubicalyx sp. nov. § Jucunda: ramis gracilibus 4 -angulatis 
tenuiter arcteque cinereo-tomentellis ; petiolis brevibus tomentellis ; laminis 
subcoriaceis lanceolatis acuminatis integris basi rotundatis 3-pli-nerviis, supra 
glabris atroviridibus subnitentibus, subtus tenuiter arcteque cinereo-tomentel- 
lis ; panicula mediocre axibus 4-angulatis tomentellis, bracteis minutis late 
ovatis; floribus 5-meris sessilibus subsecundis ; hypanthio campanulato tenuiter 
stellato-pubescente ; calyce subpatente sinubus acutis iiitus inter lobos pu- 
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bescente; sepalis triangularibus acutis, dentibus exteinoribus mintitis patulis 
siibulatis; petalis pro rata magnis elliptico-oblongis oblique retiisis ad mar- 
gineni glanduloso-ciliatis ; staminibus dimorphis ; filamentis gracilibus glabris ; 
antlieris subulatis arcuatis poro minuto dehiscentibus 2-locularibus ; connectivo 
basi dilatato in ser. ext. in lobos 3 subaequales, in ser. int. in lobos 2 laterales 
rotundatos et lobtim i dorsalem miniitum; ovario 3-loculare ellipsoideo semi- 
in fero; stylo elongato gracile; stigmate minuto truncato. 

Stems woody, sharply 4-angled above with flat sides, closely and finely 
cinereous-tomentulose, the internodes mostly 3-5 cm. long; petioles rather 
stout, pubescent like the stem, 5-10 mm. long; leaf-blades lanceolate, sub- 
coriaceous, 7-10 cm. long, 2~3 cm. wide, acuminate, entire, rounded at base, 
3-pli-iierved with an additional pair of marginal veins, the principal laterals 
arising 1-2 mm. above the base and outwardly curved, the straight secon- 
daries 2~3 mm. apart, ascending at an angle of about 60°, obscure above; 
primaries lightly impressed above; tertiaries obscure; panicle nearly sessile, 
6-8 cm. long, sparsely branched, tomentulose like the stem; bracts minute, 
ovate ; flowers s-merotis, sessile and somewhat secund ; hypanthium campanu- 
late, 3.2 mm. long to the torus, closely and minutely stellate-pubescent ; calyx- 
tube somewhat spreading, prolonged 0.6 mm. to acute sinuses, minutely 
pubescent between the sepals within; sepals spreading, triangular, 0.5 mm. 
long, acute; exterior teeth soft, spreading, subulate, 0.4 mm. long; petals 
reflexed at anthesis, elliptic-oblong, 6.4 mm. long, 2.5 mni. wide, obliquely 
retuse, conspicuously glandular-ciliate ; filaments slender, glabrous, 5 or 3.2 
mm. long; anthers subulate, arcuate, 4.3 or 3.5 mm. long, 2-celled, opening 
by a small terminal pore ; connective gradually broadened and thickened 
below, 3-lobed at base; ovary 3-celled, half-inferior, ellipsoid, the summit 
glabrous; style slender, 10 mm. long, very sparsely and minutely glandular- 
puberulent; stigma truncate. 

Type, Buchtien pppa, collected at San Carlos, in the Mapiri Region, 
Bolivia, alt. 850 m., and deposited in the herbarium of The New York Bo- 
tanical Garden. In the larger episepalous stamens the lateral and dorsal lobes 
of the connective are approximately equal in size ; in the epipetalous stamens 
the lateral lobes are broadly rounded and much larger than the minute dorsal 
lobe. In the size, shape, and glandulosity of its petals and the peculiar 
pubescence of the calyx-tube, M. puhicalyx is sharply difiEerentiated from 
previously known species of the sections Juciinda and Tamonea, 

Miconia obliqua sp. nov. § Tamonea: ramis obtuse 4-angulatis et leviter 
sulcatis tenuiter stellato-furfuraceis ad nodos valde incrassatis appendicibus 
stipulif ormibus late rotundatis suffultis ; petiolis elongatis tomentellis ; laminis 
amplis ovatis acuminatis integris basi cordatis 7-9-nerviis supra pilis pur- 
purascentibus dense setosis subtus ad venas furfuraceis ad venulas glanduloso- 
punctatis ; panicula ampla multiflora ramosa, axibus acute 4-angulatis stellato- 
tonientellis ad nodos incrassatis ; floribus 5-meris sessilibus vel breviter pedicel- 
latis ; hypanthio tubuloso-campanulato f urf uraceo ; sepalis brevibus rotundatis, 
dentibus exterioribus minutis; petalis oblongis late et oblique retusis; an- 
theris imparibus isomorphis subulatis arcuatis; connectivo basi breviter pro- 
ducto subtruncato sub-3-lobato ; ovario 5-loculare semi-inf ero ; stylo gracile 
elongato ; stigmate truncato. 

Upper branches prominently zj.-angled and shallowly sulcate, thinly stellate- 
furfuraceous, the nodes greatly swollen and bearing a pair of broadly rounded, 
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stipuliform appendages, the latter gradually reduced in size distally; leaves 
slightly unequal in the single pair available ; petioles 5 or 8 cm. long, stellate- 
tomentulose j blades membranous, ovate, 15 or 22 cm. long, ii or 12 cm 
wide, acuminate, entire, cordate at base, 7— 9-nervedj upper surface freely 
setose with purplish hairs 2-3 mm. long; lower surface thinly furfuraceous 
on the primaries and secondaries, punctate with shining particles on the 
tertiaries, glabrous elsewhere; primaries and secondaries plane above, lightlv 
elevated beneath, the latter about 5 mm. apart, arising at nearly right angles"* 
tertiaries obsolete above, plane and finely reticulate beneath; panicle freely 
branched, 25 cm. long, its branches sharply 4-angled, stellate-tomentulose • 
flowers 5-merous, sessile or short-pedicelled ; hypanthium tubular-campanulate' 
3.3 mm. long to the torus, minutely and thinly furfuraceous toward the base • 
calyx-tube prolonged 0.5 mm. to rounded sinuses; sepals depressed-rotund’ 
03 mm. long; exterior teeth reduced to minute adnate thickenings; petals 
oblong, 3.5 mm. long, thinly furfuraceous externally, very broadly and ob- 
liquely refuse, leaving an acute apex on one side ; stamens isomorphic but 
slightly unequal; filaments slender, slightly flattened, 4.3 or 3.7 mm. long’ 
anthers subulate, arcuate, 2-celled, opening by a minute terminal pore, 4 or 
3.1 mm. long; connective dilated below, prolonged 0.4 mm. into a tubular 
obscurely 3 -lobed structure surrounding the summit of the filament; ovar^ 
half-mfeiior, s-cefled, its free summit glabrous, truncate-conic; style slender 
7./ mm. long, glabrous ; stigma truncate, 0.3 mm. in diameter. 

Type, Buchtien 1083, collected at Pararani, in the Mapiri region of Bolivia, 
alt. 1000 m., and deposited in the United States National Herbarium, no! 
1399428. M. ohliqua AiEtrs from previously described species of its section 
in the very large appendages at the nodes; the shape of its petals is also note- 
worthy. 

Miconia cretacea sp. _nov. § Eumiconia Glomeratiflorae : ramis, petiolis, 

cretaceo albo dense obtectis; foliis 
breviter petiolatis ; laminis elhpticis utrmque acutis integris 3-nerviis vel sub- 
3 -pli-nerviis supra glabns; panicula ampla ramosa axibus dense stellato- 
tomentosis^; floribus sessihbus glomeratis 5-meris; hypanthio obconico stellato- 
tomentoso , sepahs rotundatis brevibus; petalis oblongis extus stellatis; stam- 
inibus isomorphis ; filamentis graalibus giabris ; antheris linearibus, connectivo 
simphce, oyario 2-Ioculare semi-infero, summo minute puberulente; stylo 
elongato ; stigmate capitato. ^ ^ 

Stems, petioles and lower leaf-surface densely covered with a white, chalky, 
P®^“Ies stout, angular, 1-2 cm. long; leaf-blades firrn, 
elliptic, 12 23 cm. long by half as wide, acute at both ends, 3-nerved with an 
additional pair of marginal veins, smooth and somewhat shining above; veins 
plane above, hghtty elevated beneath, the secondaries arising at right angles 

^ branched, 13 cm. 

lon,^, densely stellate-tomentose ; flowers sessile in rounded glomerules, 5- 
merous , hypanthiuin obconic, 3 mm. long to the torus, densely gray-stellate- 
tomentose; calyx-tube prolonged 0.6 mm. to rounded sinuses, pubescent like 
® '^®P’'“sed-rotund, about 0.3 mm. long; exterior teeth 
whhl^pn^f^ thickenings; petals oblong, 3 mm. long, 1.4 mm. wide, densely 
externally; stamens isomorphic but variable in size; filaments 
slender, 2.^2,.4 mm. long; anthers linear, nearly straight, 3.2-3.9 mm. long, 
e connec ive neithei appendaged nor prolonged; ovary half-inferior, 2-celled, 
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capi/aS puberulent; style slender, 7.7 mm. long; stigma 

Type, BuMen xo^ collected at Mapiri, Bolivia, alt 550 m., and deposited 
m the United States National Herbarium, no., 1399438. Buchtien 1026 from 
the same localhy, is identical but sterile. It is closely related to the Peruvian 
M. crassipes Iriana, in which the leaves tend to be rounder or even sub- 
cordate at ba^ the flowers are smaller, and the indument of the leaves merely 
omentose The indument alone is sufficient to distinguish M. cretacea it 
being nearly as white as the paper to which the specimen is attached. 

Miconia Herrerae sp. nov. § Glossocentrmn: ramis crassis naullum com 
p anatis ste lato-tomentellis ; petiolis brevibus; laminis .subcoiTaceis ellipS 
utimque subacutis mtegris 3-nerviis supra opacis glabris venis impressis sub- 
tus stellato-pubescentibus veins venulisque elevatis reticulatis • panicula amuH 
ramosa „.bus stdIato-toTOMosis ; floribua 5-S-{saep:sain,e 6 ) EaessTtas 

e gomeiatis, hypanthio turbinato-campanulato, tenuiter stellato-pubes- 
ce_nte ;_ sepalis brevibus late rotundatis e sinubus latis, dentibus exterloribus 
mmutis; petalis obovato-oblongis ; staminibus circa 20; filamS tis mS buS 
d.rectis vel sub apicem geniculatis; antheris oblongis obtusis poro iSo de 

Flowering branches stout and simple, slightly compressed thinlv stelFtp 
tomentulose when young, glabrate in age,’the 1 nteraodes 4-6 cm Ion J- tSSts 
stout, 15-20 mm. long, finely stellate-pubescent; blades rather thick'^and fim 

^ subacute at both ends entire' 

ppm with an additional pair of submarginal veins, densely stellate-pubes- 
cen above when young soon becoming glabrous, loosely aLl permaSradv 
stellate-pubescent beneath ; veins all impressed lightly above the secondaries 
3 6 mm. apart, ascending at an angle of about 80° ; veins all krono-lv elevated 
and conspicuously reticulate beneath; panicle 14 cm. long its branches cffiseU 
bu thinly stellate-tomentulose; flowers 5-8-merous, uliaily 6-merous sessik 
densely apiegated m small glomerules; hypanthium turbinate-campanulate' 
~h stellate-pubescent ; calyx-tube prolono-ed 

about 0.6 inm. to broad flat sinuses ; sepals depressed-rotund! membranous o a 

oh!?vir^^i teeth minute flat subapical thickenings; petals broadly 

obovate-oblong, 2.4 mm. long, glabrous, equilateral, obscurely retuse 
Jout 20; filaments slender, glabrous, 2.3 mm. long, those oVthe episemlous 
and I 01 2 others straight, the remainder geniculate near the summit- 
anthers stoutly oblong, 2 mm. long, opening by a wide terminal pore 2 cellpd • 
connective_ scarcely elevated but broadened toward the base aiH proIo^SS 
each side into 2 very short obtuse basal lobes; ovary inferior 4-ceIIed with 
numerous ovules, its summit depressed-rotund, glabrous; style tlender da- 
brous, 5 mm. long; stigma capitate, 0.6 mm. in diameter. ’ ^ 

Type Herrera 1575, collected at Cedrobamba in the Urubamba Valley 
Beiu, alt. 2200 m., and deposited in the United States National Herbarium 
no. 1342355. In a series of 32 flowers, 3 were 5-merous, 23 6-merous 5 
7 -nierous. and i 8-merous; in three flowers the stamens numbered 20 21 

allf ? episepalous stamens and one or two others, inserted 

above the middle of the petals, had straight filaments, the remainder had 
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geniculate filaments and were inserted two or three above each petal. Their 
geniculation gives them the aspect of § Cremanium, while their shape and the 
glomerate flowers suggests § Glosso cent rum, where the species almost cer- 
tainly belongs. Several species with the general habit of our plant grow in 
southern Brazil, most of them with densely tomentose or pli-nerved leaves, 
and none of them, so far as known to me, with more than the normal two 
circles of stamens. One polyandrous species of the section, M. icosandra GL, 
has recently been collected in Peru by Killip & Smith, but ours differs in its 
stellate pubescence on stem, foliage, inflorescence, and hypanthium and in 
the large number of ovules in each loculus of the ovary. 

Miconia pterogona sp. nov. § Amblyarrhena; caulibus 4-alatis, superne 
lepidota furfuracea; foliis brevissime petiolatis chartaceis obovato-oblongis 
abrupte acutis integris basi subrotundatis 3-pli-nerviis, venis marginalibus 
2 a,djectis, ad venas minutissime furfuraceis ceterum utrinque glabris; pani- 
culis parvis confertis; floribus sessilibus 5-meris; hypanthio subgloboso tenuis- 
sime tomentello ; sepalis late triangularibus ; petalis late oblongis ; staminibus 
isoniorphis; filanientis glabris superne geniculatis; antheris oblotigis, con- 
nective simplice; ovario semi-infero 3-loculare ; stylo glabro, stigmate truncate. 

A low tree, the stems sharply 4-winged, lepidote-furfuraceous above, 
becoming glabrous below ; petioles stout, 5 mm. long, f urfuraceous like the 
stem; blades firm, obovate-oblong, as much as 15 cm. long by 6 cm. wide, 
abruptly acute, entire, narrowed from below the middle to a subrotund base,' 
3-pli-nerved, with an additional pair of marginal veins, minutely arachnoid- 
f urfuraceous on the veins beneath, otherwise glabrous; primaries impressed 
above, elevated beneath ; secondaries plane above, slightly elevated beneath, 3-5 
mm. apart, curved-ascending at an angle of about 70° ; tertiaries plane on 
both sides, very finely reticulate, the areoles 0.5 mm. wide or less; panicle 
crowded, about 7 cm. long, its branches 4"Wiuged, thinly gray-tomentulose ; 
flowers 5-merous, sessile, subtended by oblong to obovate bracts 2-3 mm. long; 
hypanthium subglobose, 2.3 mm. long to the torus, very thinly arachnoid- 
tonientulose ; calyx-tube erect, prolonged 0.3 mm. to broadly rounded sinuses ; 
sepals broadly triangular with concave sides, 0.5 mm. long, acute, the exterior 
teeth not differentiated ; petals broadly oblong-ovate, 1.8 mm. long, nearly 
equilateral, minutely retuse; stamens isomorphic; filaments stout, flat, 2.7 
mm. long, geniculate 0.7 mm. below the summit; anthers oblong, 1.9 mm. 
long, conspicuously bent outwardly near the tip to a dorso-terminal pore ; 
connective elevated into a conspicuous ridge, neither appendaged nor pro- 
longed, ovaiy 3“Celled, half-inferior, its free summit sharply angled and 
minutely lo-toothed; style glabrous, 4*5 lum. long; stigma truncate. 

Type, Sazvada collected at Pan de Azucar, Huanuco, Peru, and de- 
posited in the herbarium of the Field Museum, no. 607946. The four- 
winged stems distinguish this species from most members of the section 
Amblyarrhena and, with the short petioles and general habit, indicate its 
probable affinity to M. glutinosa Cogn. latter differs from ours in its 
smaller leaves, broadly rounded at the summit and densely tomentose beneath. 

^ Tococa carolensis sp. nov. § Hypophysca: frutex bimetralis ; cattle 
subterete dense breviterque hirsute ; . petiolis brevibus hirsutis ; f ormicariis 
seniiovoideis dense hirsutis; laminis ellipticis acuminatis basi acutatis 3-nerviis 
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iiti-iiique setosis ; inflorescentia axillare subumbellata pauciflora conferta, pedi- 
cellis brevissimis; hypanthio campaiiulato densissime hirsuto parietibus cras- 
sis ; sepalis ovatis obtusis, dentibus exterioribus subulatis tota longitudine 
adnatis setosis; petalis anguste obovatis; antheris linearibus poro ventro-ter- 
minale dehiscentibiis, connectivo dorso elevato basi minute calloso; ovario 
infero summo glabro ; stylo elongato glabro, stigmate subgloboso. 

Stem shrubby, about 2 m. tall, essentially terete throughout, densely hirsute 
with stout, erect, partly glandular hairs about 2 mm. long, underlaid by a 
dense iiidument of minute glandular hairs, the internodes about 10 cm. long ; 
leaves conspicuously dimorphic ; small leaves : formicaria none or rudimen- 
tary; petioles about 10 miu. long, pubescent like the stem; blades elliptic, 
7— II cm. long, 4-5.5 cm. wide, abruptly short-acuminate or cuspidate, obtuse 
at base, otherwise like the larger; large leaves: free petiole 6-8 mm. long, 
pubescent like the stem, the hairs often 3 mm. long; formicaria petiolar, 
semi-ovoid, 12-18 mm. long, densely hirsute and minutely glandular; blades 
thin, bright green, elliptic, 15-20 cm. long and nearly half as wide, acuminate 
to a slender cusp i cm. long, entire, conspicuously ciliate, broadly acute at 
base, 3-neryed with an additional pair of weak, undulate submarginal veins ; 
primaries impressed above, elevated beneath; secondaries obscure above, 
lightly elevated beneath, 5-8 mm. apart, nearly straight, arising at an angle 
of 80—90° ; tertiaries nearly obsolete above, plane and reticulate beneath ; upper 
surface^ setose with erect simple hairs 2-2.5 long, 1-1.5 mm. apart; 

lower side conspicuously setose on the primaries with hairs about 2 mm. long, 
sparsely setose elsewhere with somewhat shorter hairs ; inflorescence axillary, 
few-flowered, densely subumbellate, its short axes densely setose and sub- 
stellate, bracts subulate, 2 mm. long ; flowers 5-merous, nearly sessile ; hypan- 
thium campanulate, 6 mm. long to the torus, with very thick and leathery 
walls, densely hirsute with slender hairs 2-3 mm. long, about 0.3 mm. apart, 
with a minute terminal gland, and freely glandular-puberulent beneath them ; 
calyx-tube slightly spreading, prolonged 1.2 mm. to rounded sinuses, pubescent 
like the hypanthium; sepals broadly ovate, obtuse, 1.8 mm. long, membranous, 
sparsely hirsute and minutely glandular ; exterior teeth subulate, hirsute, 
adnate to the sepals to their tips and thence continued into setae projecting 2 
mm.; petals narrowly obovate, 10.5 mm. long, 7 mm. wide, slightly inequi- 
lateral, obtuse; filaments 6 mm. long, flattened, 0.8 mm. wide, glabrous; 
anthers stoutly linear, 4 mm. long, obtuse, 2-cell ed, with convoluted thecae, 
opening by a ventro-terminal pore; connective somewhat elevated into a 
narrow dorsal ridge, bearing two minute callosities at base; ovary almost 
wholly inferior, the glabrous summit prolonged nearly i mm. into an annular 
thickening around the style; style stout, glabrous, 9 mm. long; stigma sub- 
globose, 2 mm. in diameter. 

Type, Buchtien pyd, collected at San Carlos, near Mapiri, Dept. La Paz, 
Bolivia, and deposited in the herbarium of The New York Botanical Garden; 
Buchtien p77 and Bang without number are the same. In the flower dis- 
sected the ovai-y was 6-celled and the stamens 13, an anomaly which is proba- 
bly not often found. The distinctive feature of the species is the small, 
subumbellate, axillary inflorescence, a single stem usually bearing two such 
clusters at adjacent nodes. In this it agrees with T. juruensis Pilger, in 
which the stems are sulcate, covered with longer and paler bristles, the free 
petiole longer, the formicaria larger and less densely hirsute, the leaf-blades 
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larger, proportionately wider, and much less hirsute, and the sepals conspicu- 
ously ciliate. 

Clidemia calcarata Cogn. & Gl. sp. nov. § Sagraea: ramis pubescentibus 
pilis flexuosis brunneis, ramis gracillimis; petiolis brevibus dense pubescenti- 
bus; laminis parvis membranaceis ovatis acutis minutissime denticulatis basi 
rotundatis vel subcordatis 5-pli-nerviis, supra glabris aeneis venis venulisque 
impressis, subtus praeter venas pubescentes glabris; panicula laxa ramosa, 
axibus gracilibus furfuraceis, bracteis setaceis; floribus 4-meris breviter 
pedicellatis ; hypanthio campanulato minutissime furfuraceo ad mediam leviter 
constricto; sepalis late rotundatis membranaceis, sinubus latis, dentibus ex- 
terioribus teretibus sepala paullum excedentibus ; petalis obovatis; filamentis 
complanatis; antheris oblongis 2-locularibus poro terminale dehiscentibus, 
connectivo deorsum in calcarem subulatum producto ; ovario 4-loculare ; stylo 
gracile, stigmate capitato. 

Stems woody, slender, sparingly branched, densely pubescent with crooked, 
more or less incurved, brownish hairs ; petioles slender, 5-10 mm. long, densely 
pubescent; leaf-blades thin, ovate, as much as 55 by 30 mm., acute, minutely 
denticulate, rounded or subcordate at base, 5-pli-nerved, the larger with an 
additional pair of submarginals; upper side glabrous, bronze-green, with 
prominently impressed veins; lower side gray-green, densely pubescent on 
the primaries, elsewhere glabrous ; panicle lax, sometimes nodding, 5-7 cm. 
long, its axes very slender, thinly furfuraceous ; bracts setaceous, 1-2 mm. 
long; pedicels about i mm. long; hypanthium campanulate, 2.5 mm. long to 
the torus, constricted at the summit of the ovary, very closely and minutely 
furfuraceous; calyx-tube prolonged 0.3 mm. to broad flat sinuses; sepals 
broadly rounded, membranous, 0.3 mm. long from the sinuses ; exterior teeth 
erect, terete, blunt, barely surpassing the sepals ; petals obovate, 4 mm. long, 
slightly inequilateral and minutely retuse ; stamens 8, isomorphic ; filaments 
flat, glabrous, 2.2 mm. long; anthers 1.6 mm. long, stout and blunt, opening 
by a minute terminal pore, _2-celled, the connective slightly elevated on the 
back and prolonged at base into a subulate spur 0.5 mm. long; ovary wholly 
inferior, 4-celled; style slender, glabrous, 6 mm. long; stigma capitate. 

Typ^j LchwidHn collected on the western slopes of the west Andes 
of Popayan, Colombia, alt. 1600-3000 m., and deposited in the United States 
National Herbarium, no. 1420328. On a sheet of the same number in the 
hei barium at Berlin Cogniaux has written the species-name adopted here; 
he did not publish a description. In general habit and floral structure the 
plant suggests a Ldicofiio, of the section ^lii'iblyciTThciict. The panicles of our 
plant, while partly terminal like those of Miconia, soon become lateral by 
proliferation of the branches, a character frequently seen in Clidemia. The 
anthers of our plant are 2-celled, while those of Amblyarrhena are 4-celled. 
Its relationship within the genus Clidefitia is problematical. 

Clidemia fissinervia sp. nov. § Sagraea: frutex metralis, caule sub- 
simphce sursum companato minute pulverulento ; foliis in quoque iugo 
subimparibus ; petiolis elongatis supra dense pilosis; laminis amplis lanceo- 
latis acuminatis submtegris basi acutis vel cuneatis 3-nerviis, supra subglabris, 
subtus ad venam mpdiam pilosis ceterum minute resinosis; inflorescentia 
axilare P^rva bracteis minutis subulatis; floribus 4-meris subsessilibus ; hy- 
panthio tubuloso pulverulento; sepalis erectis ovatis, dentibus exterioribus 
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patulis conicis; petalis obovato-oblongis ; antheris lanceolatis; ovario 4-Iocu- 
lare ; stylo elongato stigmate minuto subgloboso. 

_ _ Stems shrubby, i m. high conspicuously flattened above, minutely and 
thinly pulverulent, the internodes 2-3 cm. long; leaves somewhat unequal in 
each pair; petioles slender, 2-4.5 cm. long, thinly pulverulent below, densely 
pilose above with curved hairs 0.8 mm. long; blades thin, bright green, 
scarcely paler beneath, lanceolate,^ 9-18 cm. long, 3.5-5 cm. wide, long-acu- 
mmate and somewhat falcate at tip, entire or very minutely denticulate ob- 
scurely and evanescently cihate, acute or cuneate at base, 3-nerved from the 
base, the lateral primaries emitting each a submarginal vein shortly above the 
base ; primaries and secondaries impressed above, elevated beneath the latter 
3-5 mm._ apart, arising at nearly right angles with the midvein 1 tertiaries 
obscure, impressed on both sides, very finely reticulate; upper side furfura- 
ceous on the midvein, very minutely puberulent on the surface; lower side mi- 
nutely lesmous-pulverulent, sparsely pilose along the midvein; inflorescence 
axillaiy, small and few-flowered; bracts subulate, 0.5 mm. long; flowers d- 
merous, on very short pedicels ; hypanthium tubular, slightly swollen at base, 
3.6 mm. long to the torus, obscurely ribbed, finely gray-pulverulent; calyx-tube 

sinuses; sepals membranous erect, ovate, 
broadly obtuse, the free tip 0.2 mm. long; exterior teeth spreading, stoutly 
pulverulent like the hypanthium; petals recurved, obo- 
\ate-oblong fiom a broad base, 1.5 mm. long, i mm. wide, broadly rounded 
subti uucate above ; stamens isomorphic, erect at anthesis ; filaments stout 
somewhat flattened, 1.6 mm long; anthers oblong, slightly arcuate, i 7-1 8 
mm. long, latjally flattened, opening by a minute terminal pore, 2-celled 
connec ive neither elevated appendaged, nor prolonged ; ovary Wholly inferior 
.4-celled; style slender, 5,6 mm. long, slightly curved, gradually ySriS-’ 
stigma not expanded, 0.2 mm. in diameter, hemispherical. ^ ^ 

Type, Bucktien 5496, collected at Hacienda Simaco, Bolivia, alt. 1400 m 
and deposited in the herbarium of The New York Botanical Garden; Buch- 
hen 7401 and Tate 1086 are identical. The species is closely related to C 
obhqua (Tnana) Cogn. and C. acutifoUa Cogn., but is distinguished by its 

larger, proportionately narrower, 3-nerved leaves pilose along the midvein 
beneath. 

Clidemia laevifolia sp. nov. Caulibus hirsutis et minute stellatis- 
laminis ovatis vel ovato-oblongis acuminatis integris ciliatis basi rubrotundatN 
3 ph-nerriis supra glabris venis impressis subtus ad paginain glabris ad venas 
hirsiflis; inflorescentia parva trichotoma; floribus s-meris k-eviter Idicel- 
latis , hypanthio campanulato dense hirsute pilis simplicibus ; sepalis undulatis 
subscanosis, dentibus exterionbus subulatis hirsutis hypanthio paullura brevi- 
oribus; toro squamis fimbriatis ornato; petalis oblongo-oboTOtis • antheris 
subulatis; ovario in coronara cylindricam breviter 5-lobatam producto. 

^ hirsute with straight simple hairs, underlaid by minute 

ste ^ l^f ® unequal, 5-12 mm. long, hirsute like the 

stem leaf-blades firm narrowly ovate or ovate-oblong, 8-1 1 cm long 

3-5-4-S cm. wide, sharply acuminate, entire, conspicuously ciliate with'simnle 
hairs, obtuse to subrotund at base, subrevolute, 3-pli-nerved, or with a S?nt 
. P^f.’ yPPeu surface glabrous, the veins prominently impressed and 
the midvein thinly stellate-furfuraceous near the base, lower surface glabrous 
re primaries and occasionally the secondaries hirsute ; inflorescence trichor- 
omously branched, 1-2 cm. long, pubescent like the stem but with more 
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abundant stellate hairs; pedicels i mm. long; flowers 5-merous; hypanthium 
campanulate, 5.2 mm. long to the sinuses, rather acute at base, neither flaring 
nor constricted, densely hirsute with long, simple, spreading hairs ; calyx-tube 
prolonged 0.5 mm., scarious; sepals reduced to undulate projections 0.4 mm. 
long, the free margin 0. 1-0.2 mm. wide, the exterior teeth subulate, hirsute, 
3-3.7 mm. long ; torus with 10 flat, penicillate-margined scales ; petals some- 
what obliquely oblong-obovate, 10 mm. long, 4.4 mm. wide, rounded at apex, 
many-nerved ; filaments slender, 3 mm. long ; anthers subulate, nearly straight* 
3.5 mm. long; ovary tipped with a cylindric neck terminating in 5 shallow 
glabrous lobes ; style 9 mm. long. 

Type, Wachenheim 12/, collected at Godebert, French Guiana, March, 
1920, and deposited in the herbarium of The New York Botanical Garden. 
Its close relation to Clidemia hirta (L.) D. Don is shown by numerous char- 
acters, most important of which are the receptacular scales. It differs from 
that species in its pli-nerved leaves which are essentially or completely glabrous 
on the surface, proportionately narrower, more acute at base, and with strongly 
impressed veins, less pubescence along the midvein, longer ciliation, and 
shorter petioles, and in its much narrower petals. 


Clidemia rigida Cogn. et GL sp. noy. § Staphidium: caulibus fruticosis 
crassis longe denseque hirsutis; petiolis elongatis hirsutis; laminis crassis 
ovatis acutis integris basi cordatis 7-3ierviis supra glabris subtus hirsutis; 
cymis_ parvis hirsutis ; floribus bracteatis breviter pedicellatis 5-meris ; hy- 
panthio subgloboso hirsute ; sepalis magnis ovatis dentes exteriores triangu- 
lares adnatos excedentibus ; petalis concavis rotundis; connectivo basi in- 
crassato breviter producto; ovario 3-loculare; stigmate truncate. 

Stems stout, densely hirsute with dark purple hairs 3-4 mm. long ; petioles 
stout, 2—3 cm. long, hirsute like the stem ; blades subcoriaceous, ovate, 7—1 1 
cm. long by three-fifths as wide, acute, entire, cordate at base, 7-nerved, gla- 
brous above with strongly impressed veins, beneath pubescent with crooked 
hairs, the veins elevated and conspicuously reticulate; cymes axillary, few- 
flowered, 10-15 mni. long, densely hirsute; flowers 5-merous, on short hirsute 
pedicels subtended by linear bracts 1-2 mm. long; hypanthium subglobose, 

2.2 mm, long to the toius, densely hirsute with stout purple hairs 2—3 mm. 
long, underlaid by a thin and obscure stellate indument ; calyx-tube hirsute, 
prolonged 0.8 mm. to very narrow sinuses ; sepals broadly depressed-ovate^ 

1.3 mm. long, glabrous ; exterior teeth triangular, acute, almost wholly adnate, 
hirsute, shorter than the sepals ; petals concave, rotund, 5 mm. long, retuse, 
glabious, stamens isomorphic; anthers very stout and blunt, 2.3 mm. long 
tie connective thickened basally into a stout conic organ pi’olonged 0.3 mm. 
below the thecae to a truncate base ; ovary 3-celled ; stigma truncate. 


Type, Lehmann without data, from Colombia or Ecuador, deposited 
in the United States National Herbarium, no. 939385. Although recognized 
as new and named by Cogniaux many years ago, this species has remained 
undesciibed. According to the arrangement of species in the Monograph, 
it is related to numbers 26 to 33, but differs from all of them in its leaves 
glabrous above and from each of them in various details of size, form, or 
structure. It probably stands closest to C. capitellata (Bonpl.) Don, which 
is at once distinguished by its spicate flowers. 
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Ossaea Buchtieni sp. nov. Frutex ramosus; ramis gracilibtts densis- 
sime breviterque pubescentibus ; petiolis brevibus dense pubescentibus ; laminis 
oblongo-Ianceolatis subaciiminatis basi obtusis margine minute spinuloso-denti- 
ciilatis 5-nerviis supra dense breviterque papilloso-pubescentibus subtus mol- 
liter villosis; inflorescentia parva laxa pauciflora ex axillis superioribus 
foliorum tertiam partem aequante, axibus villosis, bracteis setaceis; floribus 
5-meris in glomerulis 2-3-floris sessilibus; hypanthio subgloboso densissime 
albo-villoso ; sepalis triangularibus lateribus concavis e sinubus rotundatis; 
petalis subulatis dorso villosis, dente dorsale apiceni inflexum paullum ex- 
cedente; antheris linearibus obtusis, connectivo simplice; ovario semi-inf ero 
3-loculare, suninio conico minute sericeo; stigmate punctiforme. 

Branching shrub 1.5 m. high; branches slender, very densely pubescent 
with curved-ascending, reddish-brown hairs about 0.5 mm. long, the inter- 
nodes 1-3 cm. long; petioles pubescent like the stem,"5~S mm. long; blades 
rather firm, oblong-lanceolate, 7-10 cm. long, 22-32 mm. wide, suba^cuminate 
to an acute tip, inconspicuously spinulose-denticulate, broadly cuneate or 
obtuse at base, 5-nerved ; upper surface deep green, strigose on the primaries, 
densely papillose-pubescent on the surface with curved-ascending hairs about 
0.8 mm. long; lower surface softly villous throughout with white, nearly 
erect hairs aliout i mm. long, those of the primaries somewhat shorter and 
stouter; only the midvein prominent above, all veins prominent and lightly 
elevated beneath, the secondaries about 2 mm. apart; inflorescence from the 
upper axils, spreading or nutant, 2-4 cm. long, bearing 2 pairs of short 
lateral branches, each and the central axis with a terminal glomerule of 2-3 
sessile, 5-merous flowers, the axes densely gray- villous ; bracts setaceous, vil- 
lous, 3 mm, long; hypanthium green, subglobose, 2 mm. long to the torus, 
densely white-villous with simple hairs; calyx-tube prolonged "about 0.2 mm^ 
to broadly rounded sinuses; sepals triangular with concave sides, 0.6 mm. 
long, acute, densely villous, the exterior teeth not differentiated ; petals lance- 
olate-subulate, 2.1 mm. long, densely villous on the back, the actual apex 
slightly indexed and exceeded Ys mm. by the erect dorsal tooth ; anthers linear, 
blunt, the connective entirely simple; ovary half-inferior, 3-celled, the free 
summit conic, densely sericeous ; stigma punctiform. 

Type, Buchtien p 86 , collected at San Carlos, Bolivia, alt. 850 m., and de- 
posited in the herbarium of The New York Botanical Garden. The filaments 
are as yet not elongated ; the anthers, probably nearly or quite full-sized, are 
1.2 mm. long; the style, as yet only 1.5 mm. long, is glabrous and terete. It 
is a member of the section Glaziophytum, in which I know of no other 
species with which it may well be compared. 

Dicranostyles sericea sp. nov. Frutex scandens; ramis subteretibus 
glabris ; petiolis tenuiter pubescentibus ; laminis oblongo-ellipticis basi acutis 
apice subiter angustatis et acuminatis subtus fulvis tenuiter sericeis; racemis 
pluribus axillaribus fulvo-sericeis, bracteis minutis sericeis ovato-triangu- 
laribus, pedicellis brevibus ; calycis lobis late rotundatis obtusis bene imbricatis 
extus sericeis; corolla campanulata extus dense sericea infra medium 5-fida, 
lobis oblongis apice inflexis; staminibus corollae tubo insertis; filamentis infra 
medium late complanatis et dense glanduloso-hirtellis, superne angustatis 
glabris; antheris ovatis basi alte cordatis ; stylo subintegro, infra apiceni 
brevissime 2-fido; stigmate subgloboso. 
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A climbing woody vine, the flowering branches slender, subterete o-]ab- 
rous; petioles slender, 15-20 mm. long, minutely pubescent; blades firm 
oblong-elhptic, 1 1-14 cm. long, 5—6 cm. wide, broadly acute at base entire' 
abruptly acuminate into a narrowly triangular tip 1-2 cm. long, glabrous 
above, thinly fulvo-sericeous beneath; veins impressed above, prominent be- 
neath, the secondaries about 12 on each side, ascending, with numerous inter- 
mediates, the tertiaries inconspicuous above, reticulate beneath; inflorescence 
of several (3-6) racemes from the upper axils, each 3-5 cm. long with 
numerous nearly sessile flowers, the axes strongly angular, densely brown- 
seiiceous ; bractlets ovate-triangular, about i mm. long, sericeous ; calyx im- 
bricate, the sepals coriaceous, rotund, 1.3 mm. long, obtuse or barely apiculate 
densely sericeous without ; corolla campanulate, 4 mm. long, its tube glabrous’ 
1.3 mrn. long, its obes narrowly oblong, 2.7 mm. long, densely sericeous with- 
out, inflexed at the summit; stamens inserted on the corolla-tube; filaments 
nearly 2 mm. long, nearly 0.5 mm. wide at base, narrowed above, densely 
glandular-pubescent just below the middle; anthers cordate-ovate 1.2 mm 
long, obtuse, deeply cordate at base ; ovary semi-ellipsoid ; style 0.5 'mm. long 
almost entire, the subglobose stigmas closely connivent. 


Type, King 11^2, collected at Mishuyacu, near Iquitos, Dept. Loreto, Peru, 
and deposited in the herbarium of The New York Botanical Garden. Six 
species of this small genus of Convolvulaceae have hitherto been described, 
of which four have the plainly divided style of the type. The other two some- 
what aberrant species, with style entire or nearly so, are D. holostyla Huber 
and D. Mtldebraediana Pilger. The former, from Para, differs notably from 
ours m Its narrowly mucronulate leaves whitish beneath, long pedicels, nearly 
glabrous calyx, and corolla lobed only above the middle. The latter, also 
from eastern Peru, stands much nearer to D. sericea, but differs in its glabrous 

leaves, its pilose rather than sericeous inflorescence, and its smaller and merely 
pilose corolla. 


lai ato inf erne f ohato ; petiolis brevibus lanatis ; laminis anguste obovatis acutis 
supra tenuiter pubescentibus subtus cano-tomentosis ; 
drS ol Lwi f capitulis 2-3 subsessilibus 

breviorib^. m^nr heiuisphaerico villoso, squamis exterioribus 

inSs coroUrSi m longioribus anguste lanceolatis acum- 

^ lanceolatis; antheris subsagittatis ; achaeniis obo- 
10-12 linea°ribus^^^^^ squamis exterioribus circa 10 ovatis erosis, interioribus 

simple, 3-5 dm. tall, prominently angled, thinly 

S^iTm^l ’ir only;Vtioles 'densely 

lanate, 2 4 mm. long ; blades thin, narrowly obovate, 30-45 mm long lo-i ; 

mm^ wide, acute nearly entire, cuneate from above the mi“d“ to the tese 
dark green and thinly pubescent above, the hairs about 0.7 mm. long densely 
canescent-tomentose beneath, the veins obscure above and mostly concealed 
liS^th^ste^ ' terminal leafless, 25-35 cm. long, thinly lanate 

denselv hmtp at t, terming and subterminal, sessile or subsessile, 

OT turbinam Irlif involucre broadly hemispheric 

hnSd^e ^ Jnse y villous wiA hairs about i mm. long, outer scales ovate- 
lanceolate, mm. long, acute, the inner narrowly lanceolate, 4.5 mm. long. 
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acuiranate; receptacle convex, deeply alveolate with lacerate margins; corollas 
purple, 5 mm. long, glabrous, the lobes lanceolate, i.i mm. long; anthem i 
mm. long, of which the triangular appendage constitutes a third, bkrely sajt- 
tate at base, style-bi anches 0.8 mm. long, pubescent externally; achenes tur- 
binate or obovoid obscurely lo-ribbed, i.i mm. long, 0.8 mm in diameter 
slightly constricted at the summit, densely villous with spreading haim o 8 
mm. long ;_ outer pappus scales about 10, ovate-elliptic, 1.7 mm. long 07 mm 

rc,ri;i“Sr; SS?; ■-”« papp„slscales 

5.7 mn.. long. 0.3 


Type, PUHer 12,4^1, collected at the margin of a savanna. Mesa de El 
Sombrero, Dept Guanco, Venezuela, 10 Sept. 1927, and deposited in the 
United States National Herbarium, no. 1,344,033. Its extraordinarily long- 

peduncled inflorescence and thin obovate leaves differentiate it from the other 
species of the genus. 


Vernonia Rusbyi nom. nov. 

Vernonia arborescens ctmeifolia Britt., Bull. Torrey Club 18: 331. 1891 

Vernonia cuneifolia Gleason, Amer. Jour. Bot. 10: 301. 1923. Not Ver- 
nonia cuneifolia Gardn., Hook. Lond. Jour. Bot. 5; 215. 1846. 


fr„Xncn°ff *"7 sp. nov. Lepidaploa Scorpioideae FoUatae: caule 
uticoso bubmetiale simplice cinereo-tomentoso ; petiolis crassis brevibiis to- 
mentosis; laminis ovato-lanceolatis acuminatis integris basi obtusis supra 
scabridis subtus tomentosis ; racemis axillaribus paniculatis superioribus loiwi- 
oribus, bracteis ovato-lanceolatis; capitulis in quaque axilla 1-3 circa ii-florfs- 

acuminatis, extirioribus ovatis’ 
anatis, inteiioiibus lineari-lanceolatis apice lanatis ceterum glabris; corollae 
gia lae 001s acutis; antheris linearibus; achaeniis anguste prismaticis 10- 
angulatis breviter pilosis; pappi squamis exterioribus linearibus, quam setis 
interioiibus ca. 30 strammeis y-'plo brevioribus. 

™s*:er tall; stems stout, apparently simple to the 
^ closely cinereous-tomentose ; petioles stout, i cm. 
cinereous-tomentose; leaf-blades firm, ovate-lanceolate, usually 

itni ‘'m ff as bnuch as 14 cm. long, the 

upper considerably reduced, acuminate, obtuse at base, entire, scabrously 
pubescent above with vertical hairs 0.3 mm. long, set o. 1-0.2 mm. aparf 

veins"io-i2 pairs, ascendinrat 
anges of Co-70 , obscure above, prominent beneath; inflorescences of several 

10 cm^lo^'n^^Te 1 I P^'^^cle, the upper ones as much as 

10 cm long the lower much shorter, tomentose like the stem; bracteal leaves 

tomettosfS^tb^^r'^^^^^^ 30-5 mm. long, acuminate and mucronate, 
tomentose like the foliage leaves; heads about ii-flowered, 1-3 sessile in the 

bnr?in ^ >>Tegularly imbricate in several series, the outer ovate, the inne^ 
hneai -lanceolate, all acuminate, the outer lanate, the inner glabrous to the 

lobes f "^7 mm long, glabrous, its linear-lanceolate acute 

lobes - mm long; anthers linear, briefly sagittate at base, the body 1.8 mm., 
he lanceolate obtuse tips 0.7 mm. long; style-branches 1.3 mm. long; acheS^s 
ineai -prismatic, lo-angled, 1.3 mm. long, sparsely short-pilose ; outer pappus- 
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scales linear, acuminate, ciliate, 0.6-0.7 mm. long, o.i mm. wide; inner 
bristles about 30, 4.5-5 iliti. long, pale tawny, flattened, 0.05 mm. wide. 

Type, Pittier 12 , collected on bushy slopes near Tovar, Merida, Vene- 
zuela, alt. 1200 m., 31 Jan. 1928, and deposited in the hei-barium of The New 
York Botanical Garden. 

New York Botanical Garden 
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STUDIES IN ONAGRACEAE VIII. THE SUBGENERA HART- 
MANNIA AND GAUROPSIS OF THE GENUS OENOTHERA, 
THE GENUS GAYOPHYTUM 

Philip A. Munz 

(Received for publication March 15, 1932) 

In the preparation of this paper it has been my privilege to see material 
in many herbaria and it is now a great pleasure to express my deep appre- 
ciation to those in charge of the various institutions where I was allowed to 
work, both for their kindness and that of the various members of their 
staffs. The names of the herbaria from which I cite material, with the 
abbreviations I shall use, are as follows: 

Botanisches Museum at Berlin-Dahlem (Ber), 

Boissier Herbarium at Geneva (Boiss), 

British Museum at London (BM), 

Delessert Herbarium at Geneva (Del), 

Royal Botanical Garden at Edinburgh (E), 

Gray Herbarium (G), 

Royal Botanical Garden at Kew (K), 

Missouri Botanical Garden, special material (M), 

New York Botanical Garden (NY), 

Jardin des Plantes, Paris (Par), 

United States National Herbarium (US). 

HARTMANNIA 

Hartmannia (Spach) Munz, n. subgenus 
Ilartmannia, as genus, Spach, Hist. Veg. Phan. 4: 370. 1835; Small, Bull. 

Torrey Bot. Club 23: 180. 1896; Rose, Contr. U. S. Nat. Herb. 8: 

328. 1905. As section, Endlicher, Gen. PL, 1190. 1840. Xylo- 

pleurum, as genus, Spach, I.c., 378; Raimann, in Engl. & Prantl, 
Die nat. Pflanzenfam. Ill, 7*. 214. 1893. 

Perennial herbs, with leaves subentire to pinnatifid, and the flowers in 
the axils of the reduced upper leaves. Calyx-tube funnelform, not usually 
much longer than, if as long as, the calyx-lobes. Corolla white to rose or 
purplish, yellow in one species. Alternate stamens slightly longer than the 
others. Stigma with 4 linear lobes. Capsule club-shaped, ribbed or winged, 
attenuate at base into a sterile pedicel-like portion or truly pedicellate. 
Seeds and ovules numerous, clustered on slender funiculi in more than 2 
rows. Seeds obovoid, not angled. 

Type species, Oenothera rosea Ait. This subgenus seems to constitute 
a fairly definite entity, and is most closely related to the subgenus Kneiffia, 
which has yellow flowers and a more definitely pedicelled clavate capsule. 

I am including under Hartmannia, Oe. multicaulis , even though this species 
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has yellow flowers; the curved sterile base of the fruit and the habit of 
growth are more like those of Hartmannia. There has been also some con- 
fusion in the case of species belonging to Gauropsis; these species are dis- 
cussed under that subgenus. As here recognized, Hartmannia ranges from 
the southwestern United States to Peru and Bolivia. 

Key to Species 

Flowers yellow or greenish, drying orange-red; petals 3-6 mm. long; capsule arcuate; stems 

prostrate ^ multicaulis 

P lowers white to rose; petals 5-40 mm. long; capsule usually straight. 

Buds nodding; lower sterile part of capsule cylindrical and sessile 7. Oe. speciosa 

Buds erect, except possibly in Purpusii; lower sterile part of capsule tapering toward 
base and narrowed into a pedicel. 

Petals rose to reddish violet, 5-10 mm. long; calyx-tube 4-8 mm. long; capsule 3-4 
mm. thick (including wings), strigulose, the wings scarcely i mm. wide; plants 

erect, 1-5 dm. tall or shrubby and taller, strigulose in upper parts 6. Oe. rosea 

Petals white to rose, 1-4 cm. long. 

Fruit not winged, narrowly obovoid, 4-6 mm. thick, strigose; stems decumbent, 
appressed-canescent; leaves sinuate-denticulate, oblanceolate. Central Mex- 

‘ ■ Oe. Purpusii 

Prmt winged at the angles, the wings 1-3 mm. wide; not all hairs appressed. 
Stems decumbent; caulme leaves oblong, 2-7 cm. long, subentire; petals 
white, 12-18 mm. long; calyx-tube 5-8 mm. long; capsule 8-10 mm. thick 

Central Mexico 2. Oe. deserticola 

Stems decumbent or ascending; cauline leaves usually pinnatifid or dentate; 
petals pink or white. 

Petals 10-15 iong; capsule 4-5 mm. thick, the wings i mm. wide; 
calyx-tube 1-2 cm. long; upper parts of plant canescent-strigose. 

A fiP rC nv! n 

Petals 20-35 mm. long; capsule 6-8 mm. thick, the wings 2-3 mm. wide; 
calyx-tube i cm. long; upper parts of plant more or less pilose. 

5. Oe. tetraptera 

Treatment of Species 

1. Oenothera multicaulis R. & P., FI. Peruv. 3: 80, t. 317. 1802 

suffrutescent at base, with several sub- 
glabrous to villous, prostrate or procumbent leafy stems 3-30 cm. long, 

“f^^imes few-branched ; leaves of basal rosette broadly 

Sen? for h ® ^ 1-5 cm. long, 5-25 mm. wide, obtuse, subglabrous, 

except for pubescence on margins and veins of lower surface, gradually 

Sb[o?jSnt*°t^ winged petiole of about same length as blade; cauline leaves 
on vefnrnnd . ^ubsessiR, 5-30 mm. long, obtuse, pubescent 

floJer^Lt-e sometimes with scattering hairs on general surface; 

d?S?1 • ihf ^8 axillary, only one or 2 in anthesis at once, apparently 
within at 4-8 mm. long, more or less pubescent without, pubescent 
mi?Ton? T -I purplish; calyx-lobes lanceolate, pubescent, 3-6 

tiSe- netak^?ri? m.bud, distinct in anthesis, green with purplish 

^^uoming orange red, broadly obovate, 
Ltak^bi al? to two-thirds the length of the 

slis-htlv flattPn.^N'^fif equaling or slightly exceeding the glabrous, 

slightly flattened filaments ; style equaling stamens, pubescent at very base ; 
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Stigma-lobes ovoid, ca. i mm. long; capsule clavate, subglabrous to villous, 
1-2 cm. long, arcuate, 1-1.5 mm. thick in lower half, 3-4 mm. thick in 
upper somewhat 4~sided and angled or winged, with prominent vein down 
the middle of each face; seeds numerous, brown, asymmetrically obovoid, 
0.5-1. 5 mm. long, minutely cellular-pitted, but appearing smooth under the 
ordinary lens. 


Key to Varieties 

Seeds large, 1-1.5 long; plant usually subglabrous; leaves usually subcoriaceous, sub- 

entire. So. Ecuador to Bolivia la. Oe. muUicaulis var, typica 

Seeds smaller, o. 5-0.9 mm. long; plant usually villous in upper parts; leaves thick-herba- 
ceous, somewhat denticulate. Central Ecuador to Mexico. 

ih. Oe, niulticatilis var. tarquensis 

la. Oenothera multicaulis R. & P. var. typica n. nom. 

Oe. mulHcauhs R. & P., l.c. Xylopleurum niulticaide Loesener in Fedde, 
Repert. 12: 237. 1913. Oe. jmdticaulis var. petiolaris Ball, Jour. 

Linn. Soc. 22: 38. 1885. Oe. Barheyana Levi., Monde des Plantes 

8: pi. 109. 1898. Ilartmannia boliviana Rusby, Descr. S. Am. Pis., 

72. 1920. 

Stems 5 '”Ib(J 5 ) cm* long, usually subglabrous; leaves somewhat coria- 
ceous, the cauline ones 5-15 mm. long, usually entire; capsules narrow, 
barely 3-4 mm. thick, including wings; seeds 1-1.5 mm. long. 

Type locality, 'Sn Peruviae Andium subalpinis Tarmae et Cantae Pro- 
vindarum.’’ Growing at high altitudes in Peru and Bolivia. Represen- 
tative of material seen, Peru: Nueva Espana, Herb. Pavon (Boiss.); Cuzco, 
Herrera %n 192^ (Ber, US); Chicla, Ball in 1882 (K); Rio BVanco, Mach ride 
df Featherstone 746 (G, K); Chacapoyas, Matthews (Ber, Boiss, K). Bo- 
livia: Sorata, Mandon 632 (BM, Del, K, G, NY); Songo, Bang 914, type 
coll. Barheyana (Ber, BM, Boiss, E, G, M, NY, US); Lake Titicaca, type 
coll. H. boliviana, Buchtien 2(j22 (US) ; Quaqui, Hill 161 (K) ; La Paz, Hau- 
thal 18 1 (Ber). 

From Cuenca, Ecuador, Rose, Pachano & Rose 22942 (US) and from 
Zaragura, Loja, Ecuador, Rose, Pachano df Rose 23163 (G, US) comes 
material that is quite intermediate between typica and tarquensis in fruit, 
pubescence, etc. 

lb, Oenothera multicaulis var. tarquensis (HBK) Munz & Johnston, 
Contr. Gray Herb., n. ser. 75: 18. 1925 

Oe. tarquensis HBK, Nov. Gen. et Sp. 6: 91. 1823. Ilartmannia tarquensis 

Spach, Nouv. Ann. Mus. Paris 4: 363. 1835. Oe. ascendens Willd., 

in Spreiig., Syst. 2: 230. 1825. Oe. aurantia Willd., l.c., in syn- 
onymy. 0 ^. Schlecht., Linnaea 12: 269. 1838. Hartmannia 

cuprea Rose, Contr. U. S. Nat. Herb. 8: 328. 1905. Oe. epilobiifolia 

HBK., Nov. Gen. et Sp. 6: 92. 1823. Hartmannia epilobifoUa 

Spach, Nouv. Ann. Mus. Paris 4: 364. 1835, 
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_ Stems 10-30 cm. long, villous; cauline leaves more or less villous esoe- 
cially the upper ones, herbaceous, commonly 2-3 cm. long, usually denticu- 
late; capsules 4-5 mm. thick, villous; seeds small, 0.5-0.9 mm. long. 

Type locality, “prope urbem Quito, in convalli Tarquensi.” Represen- 
tative of material seen, without locality, Hort. Berol in 1846, Oe. cuprea, 
ex herb. Kunth (Ber); Nova Granata, Oe. epilobiifolia, Herb. Bonpland 
(Par, photo at P); Oe. ascendens and Oe. aurantia, Humboldt, Willdenow 
Herb. (Ber). Ecuador: Valle de Tarqui, herb. Bonpland (Par); Llalla 
Spruce 5059 (Boiss, BM, Del, G, K, E, Par); Quito, J. N. G. Rose 23533 
(G, US), Jameson 191 (BM, Del, K); sive Andium Quitensium, Jameson 
355 (Del, E, Par); Pichincha, Couthouy in 1855 (G, NY). Colombia; 
Bogota, Pennell 2330 (G, US); above Surati, dept. Santander, KiUip 
Smith 16538 (G, NY, US); Parama de Maenchies, Moritz 1253 (Ber) 
Venezuela : Caracas, Linden 450 (Del, K, Par) ; Paramo de Santo Domingo’ 
Merida, Jahn 593 (US). Guatemala: Volcan de Agua, Zacatepequez 
Donnell Smith 2149 (Ber, G, K, US); between NahuaM & Quezaltenango’ 
Mer 2947 (Ber). Costa Rica: Westhang des Irazd, Brade 2019 (Ber)i 
Dodge 3425 (G); Paturage au Litio Binis, Pittier 43 (K). Mexico; Sierra 
de San Felipe, Oaxaca, Pringle 4702 (Ber, BM, Del, E, G, K, US); Orizaba 

Gf^oii^ 3027 (Del, K); Sierra de Pachuca, Hidalgo, Rose, Painter and Rose 
ooOj [Ubj. 

2. Oenothera deserticola (Loesener) Munz, n. comb. 
Xylopleurum deserticola Loesener, in Fedde Rep. 12: 238 1913 Hart 

«a«waMaMaRose,Contr.U.S. Nat. Herb. 8:329. iqo’s. Not 
Oenothera moniana Nutt. 1840. 

herb from woody caudex, with i to few pilose, decumbent 
somewhat purplish stems 1-4 dm. long; leaves subentire, subglabrous above’ 
with scattering soft hairs on both surfaces, but especially alonv the 
margins and veins; basal leaves oblanceolate, 5-10 cm. long obtuse nar 

a?ute SSdv°r7^cm’f somewhat oblong, obtuse to 

1 3-7 cm. ong, nearly sessile; flowers solitary in upper axils 
diurnal?; calyx-tube pilose without, pubescent within near thKse 
m_m. long, cal3Pc-lobes pilose, usually coherent in anthesis i 3-7 cm ’long 
Ts-is m 1-2 mm long; petals white, longing" to purplf; 

4-5 mm long filflm-m petals; anthers 

4 5 mm. long, on hliform filaments 6-7 mm. bng; style slightly shorter than 

stamens, pubescent at very base; stigma-lobes linear, ca riL bng ca^^^ 

5ingrfs-?mm''w?de''^n?'^ ^-8 mm. thick,’ with 

lATitf. 3 inm. wide, and passing gradually into a stout pedicel cm 

long; Meds brown, asymmetrically oblone-obivoid, 1.2 mm l“ “ 

Onzaba, J?ose & Hay ytryi (US). Mexico; Cima, Rase It 

(Z Jm \ V' n ‘ * Ajnsco, Pringle loagg 

(See, BM, Bmss, Del, E, G, K, US); Cima Station, Pringle rjsp (G)1 
witboat locality, UMe Mao (Ber); El Deaierto, yalley of MexicofcoSetted 
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hj Hopfner Seler di^tnhntlou no. 5614 (Ber); San Rafael, Tlalmancalo, 
Seler ^ Jig (Bei), El Desierto, Seler 5280^ type specimen (Ber). 


3. Oenothera Purpusii Munz, n. sp. 

Perennial, even suffrutescent, more or less caespitose, the stems 5-10 
(15) cm. long, decumbent or ascending, canescent with a short subappressed 
pubescence; radical leaves 1-2.5 cm. long, oblanceolate to obovate short- 
petioled, subentire or remotely denticulate, obtuse, subglabrous o; some- 
what pubescent on margins and veins; cauline leaves oWanceolate, short 
petioled 01 subsessile, 1-2 cm. long, sinuate-denticulate, obtuse to acute 
more or less gray-pubescent ; flowers few, solitary in upper axils; calyx-tube 

tl^ baTe'^^cfcSs pubescent wii neS 

the base, cdlyx-lobts appressed-canescent, ca. i cm. long, without free tins 

in bud, moie or less coherent m anthesis; petals apparently white changing 

S/rf f’ obovate. 12-14 mm. long; stamens half to twtthirdf 

the petals, subequal; anthers 2.5-3 mm. long; filaments filiform 5-7 mm. 
ong, .style equaling or exceeding stamens, pubescent at very base; stigma- 
lobes linear, 1.5-2 mm. long; capsule narrowly obovoid, pubescent i-i s 

osa ranliS, “™’ I-1.2 mm. long, (Perennis, caespi- 
cm lnnJ« subdecumbentibus, canescentibus ; foliis 

obtuiis subff?ohmS-^fl subintegris aut denticulatis, 
° ^ paucis, solitariis; hypanthio piloso, 6-8 mm 

Rngo sepabs canescentibus i cm. longis; petalis albis, late obov7tis 
mm. longis; stamimbus subequabbus, 7-10 mm. longis; lobis stigmatis 
cm^Ton^n ^ c^psulo anguste obovoideo, pubescentef^r-1.5 

1-1.2 mm.’ lo'ng^if.'j ^ brunneis, anguste obovoideis. 

Type, from open woods, Ixtaccihuatl, Me.xico, C. A. Purpus 1839, Po- 
mona College Herbarium N umber 32827 ; isotypes at Gray and US. Other 
materiab Salazar, Mexico and Painter 7027 (US); Mt. Popacatapetl, 

■ ■ Nelson 10 (US). Michoacan: Toluca, Rose of Painter 787^ (US) 

Andneux 385 (G, K). Hidalgo: Sierra de Pachuca, Rose & Hay 5611 

Characterized among the decumbent species of Hartmannia in Mexico 
by the appressed canescence, the lack of wings on the fruits, and by the 
Sinuate-denticulate leaves. ^ 


4. Oenothera Kunthiana (Spach) Munz, n. comb. 

Hartmannia Kunthiana Spach, Nouv. Ann. Mus. Paris 4: 363. 1835. 

Oenothera pinnatifida HBK., Nov. Gen. et Sp. 6:91. 1823, not Nutt.' 

1818. Oe. Humboldtii Engelm., Amer. Journ. Sci. II, 34:334. i86'> 

Oe. pinnatifida Hort. nec. HBK., Spach, l.c. Hartmannia parvifiora 
Spach, l.c. Oe. fissifolia Steud., Nom. ed. II, 2: 206. 1841. Oe 

micrantha Walp., Rep. 2: 84. 1843. Oe. Walpersii Donn. Smith^ 

Enum. PL Guat. 4: 60. 1895. Oe. tetraptera var. CMldsii Bailey, 

Cyclop. Amer. Hort., 1121. 1901. Oe. tetraptera (ovma. depauperata 

LevL, Mon. Onoth., 122. 1902. Oe. L i. roseoidea Levi, Ic. Oe. 
tetraptera var. rosea Levi, 4ig. 1913,1100. nud. 
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Perennial herb, usually with several to many stems from summit of a 
taproot, the stems slender, decumbent or ascending, 0.5-3 (6) dm. long, 
crisped pubescent with some long spreading hairs, and usually appressed- 
canescent in upper parts; leaves of basal rosette oblanceolate, 3-10 cm. 
long, 1-2 cm. wide, usually sinuate-pinnatifid into several ovate to lanceo- 
late, acute, lateral lobes 1-8 mm. long and with a much larger rhomboid, 
ovate terminal lobe; cauline leaves reduced, mostly 1-3 cm. long, lobed as 
above, or sinuate-dentate, or subentire; uppermost becoming leafy, lanceo- 
late bracts ca. i cm. long; flowers few per stem, solitary in upper axils, 
sessile or short-pedicelled ; calyx-tube 1-2 cm. long, strigulose, sometimes 
also with spreading hairs, puberulent within at very base; calyx-lobes lance- 
linear, ca. I cm. long, usually coherent at least in pairs in anthesis, without 
free tips; petals whitish or pink, 10-15(20) mm. long, obovate; stamens 
subequal, ca. two-thirds as long as the corolla; anthers 3-4 mm. long, fila- 
ments 5~io mm. long; style as long as or exceeding stamens, puberulent at 
very base; stigma-lobes linear, 3-5 mm. long; capsule obovoid, the body 
proper ca. i cm. long, 4-5 mm. thick, 4-ribbed and 4-winged, the wings ca. 
I mm. wide, more or less hirsute; capsule passing below into a slender pedi- 
cel, 0.5-3 more cm. long; seeds brown, asymmetrically obovoid, ca. i 
mm. long. 

Type locality, Actopan, Mexico. Ranging from Texas to central Mex- 
ico. Representative material may be cited as follows : Texas : San Antonio, 
Clemens 678 (P); Glenn Springs, Brewster Co., Cory 2116 (P); Stewarts, 
Brewster Co., Cory 2121 (P); Laredo, Reverchon 3553 (G, US); Browns, 
Terrell Co., Cory V/ (P); Ft. Clark, Kinney Co., Mearns 12'/'/ (US); Bofe- 
cillos Mts., Havard igo (G); Eagle Pass, Ilavard 3 (G). Sonora: Alamos, 
Rose, Standley & Russell 13032 (G, US) ; Hermosillo, Rose el al. 12406 (US) ; 
Mazatlan, Rose el al. 14163 (US). Chihuahua: Bachimba Canyon, Pringle 
161 (Ber, Boiss, BM, Del, K, Par, US). Coahuila: Saltillo, Palmer 568^ 
in 1898 (US); Sierra de la Fa.i\a, Endlich 833 (Ber). Nuevo Leon: Mon- 
terey, Palmer 347, in 1880 (G, K, US). Tamaulipas: Tampico, Palmer 
363, in 1910 (BM, Del, K, G, US); Victoria, Palmer 114, in 1907 (G, K, 
US). San Luis Potosi: San Luis Potosi, Parry & Palmer 230, in 1878 
(BM, E, G, K, Par, US); Taupamolon, Seler 230 (Ber). Zacatecas: Ojo 
Caliente, Jones in i8g2 (P). Durango : Durango, Palmer 27, in 1896 (BM, 
Boiss, G, K, US). Vera Cruz: Jalapa, Rose & Hay 6364 (US). Morelos: 
Cuernavaca, Schaffner 333 (BM). Oaxaca: Oaxaca, Conzatti 87 (G). 
Hidalgo: Actopan, Bonpland Herbarium (Par) and another sheet (Ber), 
type collection. Naturalized to some extent in South Africa, Natal: 
Meritzburg, Rudatis 1603 (BM) ; Basutoland, Dieterlen 327 (BM). 

Intergrading freely with Oe. telraplera, but its smaller, pinker flowers, 
more prostrate habit, longer calyx-tube, smaller fruit, finer more appressed 
pubescence all these argue for recognition. As representative of inter- 
grades with Oe. telraplera may be cited Palmer 140 from San Dieguito, San 
Luis Potosi (G, US) ; Seler 2144 from Chiapas (Ber) ; Heyde &f Lux 2g22, 
San Miguel Uspantan, Quiche, Guatemala (Ber, BM, G, K, US). These 
are quite intermediate in having rather large flowers and fruits and with 
considerable pilosity. 


I 
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5. Oenothera tetraptera Cav., Ic. 3: 40, pi. 279. 1794 

Xylopleurum tetrapterum Raim., in Engler & Prantl, Die nat. Pflanzenfam. 
Ill, 7* ^14* ^^93* liartmannia tetraptera Small, Bull. Torrey Bot. 

Club 23: 181. 1896. Oe, tetraptera f. chenopodifoUa L6vL, Mon., 

122. 1902. Oe. tetraptera Y3.r. immutabilis hevL, Mon. f 122. 1902. 

liartmannia macrantha Spach, Nouv. Ann. Mus. Paris 4: 363. 1835. 

Oe. latiflora Ser. in DC., Prodr. 3: 50. 1828. liartmannia latijiora 

Rose, Contr. U. S. Nat. Herb. 8: 329. 1905, Oe. capensis Hort. & 

Oe. dubia Hort. ex Steud., Nom. ed. 2, 2: 206. 1841. 

Perennial herb, sometimes suffrutescent at base, decumbent to ascend- 
ing, with few simple or branched stems 1.5-5 long, more or less strigu- 
lose and also with long spreading hairs; basal leaves oblanceolate or broader, 
3-10 cm. long, I ”3 cm. wide, sinuate-pinnatifid into several ovate-oblong 
lateral lobes and larger terminal one, or even quite entire, with well devel- 
oped petioles, subglabrous to villous; cauline leaves reduced, 2-5 cm. long, 
commonly lance-ovate and irregularly sinuate-pinnatifid, sometimes merely 
sinuate-dentate or even subentire; uppermost lanceolate, acuminate, i~2 
cm. long, with flowers in axils; flowers vespertine; calyx-tube commonly 
hirsute as well as strigose, ca. i cm. long, puberulent within at base; calyx- 
lobes commonly reddish, 2-3.5 long, coherent in anthesis, at least in 
pairs, with minute free tips in bud; petals pink or usually whitish, darker 
with age, 2-3.5 cm. long, broadly obovate; stamens subequal, one-half to 
two-thirds the length of the petals; filaments 1-1.5 cm. long; capsule proper 
obovoid, 1-1.5 cm. long, 6-8 mm. thick, hirsute, especially on midveins and 
wings, the latter 2-3 mm. wide; capsule narrowed into ribbed hollow pedicel 
5-25 mm. long; seed light brown, obovoid, ca. 1.3 mm. long. 

Type locality, ^'Sotoluca, Nova Hispaniae.’' Ranging from Mexico to 
Colombia and Venezuela, and widely escaped in many other parts of the 
world. Representative of material seen, Mexico, without locality, drawing 
of Oe. latiflora Seringe (Del, G, P). Coahuila: Sierra Madre, so. of Sal- 
tillo, Palmer 340, in 1880 (G, K, US). Nuevo Leon: Monterey, Palmer 
335 1 iR 1880, in part (G, K, US). Hidalgo: Sierra de Pachuca, Rose Hay 
5638 (US) ; Tula, Rose, Painter and Rose 8322 (US). Mexico : Chapultepec, 
Aschenborn 511 (Ber); Valley of Mexico, Bourgeau 300 (Ber, Boiss, Del, G, 
K, Par, US) ; Ixtaccihuatl, Pur pus 210 (US). Puebla: near Puebla, Arsene 
g84i (US). Vera Cruz: Jalapa, Linden 623 (K). Oaxaca: Los Narran- 
jas, Purpus 4233 (BM, G, US). Chiapas: Chiapas, Ghiesbreght 680 (BM, 
Boiss, G). Guatemala: Llano, Bernouilli 330 (Ber, K); Aguas Calientes, 
Beam 6114 (US). Costa Rica: Cartago, Stork 306 (US) ; San Jose, Buckley 
1016 (US). Colombia: Surata, Santander, Killip & Smith 16483 (G, NY, 
US). Venezuela: Tovar, Fendler 431, type coll. f. chenopodifoUa (Boiss, 
Del, G, K) ; Sierra Nevada de Merida, de Bellard 233 (US). I have seen 
naturalized plants from Jamaica, India, East Africa, South Africa. I have 
seen also the following sheets of interest: Oe. tetraptera, misit Cavanilles, 
without flowers, but with fruits 8 mm. thick (Del); Oe. Reichenbachii, Oe. 
capensis Roiohh., Herb. K. Sprengel (Ber); Oe. dubia Hort., Hort. bot. 
Berol. (Ber) ; Oe. tetraptera, C. G. Ortega, Lady Bute (BM). 
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6. Oenothera rosea Alton, Hort. Kew. ed. 1,2:3. 1789 

Hartmannia rosea G. Don in Sweet, Hort. Brit- ed. 3, 236. 1839. Xylo~ 

pleuTum roseum Raim., in Engler & PrantI, Die nat. Pfianzenfam. 
Ill, 7:214. 1893. Oenothera rubra Cav., leones 4: 68, t. 400. 1797. 

Oe, purpurea Lam., Encycl. 4: 554. 1797. Oe. virgata R. & P., 

FI. Peruv. 3: 79, t. 315. 1802. Hartmannia virgata Spach, Nouv. 

Ann. Mus. Paris 4: 363. 1835. II, gauroides Spach, l.c. II, affinis 

Spach, Ann. Sci. Nat. ser. 2, 4: 167. 1835. Oenothera psycrophila 

Ball, Jour. Linn. Soc, 22: 38. 1885. Oe. rosea var. parvifolia Coul- 
ter, Contr. U. S. Nat. Herb. 2: 116. 1891. Hartmannia rosea var. 

parvifolia Small, Bull. Torrey Bot. Club 23: 181. 1896. Oe, lyrata 

Levi., Mon. Onoth., ii, 1902, in syn. Godetia Ileucki Phil., Anal. 
Univ. Chil. 84: 743. 1893. Gaura epilohia Moc. & Sesse, ex Ser. in 

DC., Prodr. 3: 45. 1828. 

Perennial, blooming the first year, with several erect or ascending, 
slender, simple or branched stems, from a somewhat woody caudex and 1-5 
dm. tall, or shrubby and becoming a meter or so tall, more or less strigulose 
throughout, sometimes with spreading hair on the lower stems; leaves 
usually not crowded, the basal ones oblanceolate to narrowdy obovate, sub- 
entire to coarsely sinuate-dentate or -pinnatifid, 2-5 cm. long, obtuse, nar- 
rowed into slender petioles 1-2 cm. long; cauline leaves gradually reduced 
up the stem, ^ mostly oblong-ovate, subentire to sinuate-denticulate or even 
somewhat pinnatifid at base of blade, 1.5-3 cm. long, obtuse to acute; 
uppermost reduced to greenish lance-linear bracts, in axils of which are the 
flowers in slender racemes; calyx- tube 4-8 mm. long, slender, strigulose- 
canescent without, somewhat puberulent within; calyx-lobes 5-8 mm. long, 
with free tips ca. i mm. long and commonly coherent in an thesis; petals 
rose to red-violet, 5~IC) mm. long, broadly obovate; stamens subequal; 
almost as long as petals; anthers 2.5-4 long, on slender filaments 4-6 
mm. long; style scarcely equaling stamens, puberulent at very base; stigma- 
lobes linear, ca. 2 mm. long; capsule proper obovoid, 8-10 mm. long, 3-4 
mm. thick, strigulose, the 4 angles somewhat winged, scarcely i mm. wide, 
the mid nerve of each valve strongly developed, base of capsule passing into 
a hollow and ribbed pedicel 5~20 mm. long; seeds oblong-obovoid, asymmet- 
rical, brown, ca. 0.6 mm. long. 

Type locality, “Nat. of Peru.” Apparently native from the southwest- 
ern United States to Peru and Bolivia; widely introduced into many other 
parts of the world. Representative of material seen, Oenothera rosea sp.n., 
Kew 1786, herb, of the late Bishop Goodenough (K) ; Oe, rosea, Hort, Paris, 
1785 (Par); Hort, Kew, (BM); Hort. Paris, e Peru (Dombey), Mrs, 
HHeritier, 1784 (BM); Oe. purpurea, Diet. n. 10, Lamarck Herb, (Par). 
Texas: Limpia Canyon, W. Tex., Nealley 652, type of var. parvifolia (US). 
New Mexico: without locality, in 1851 (BM, G, K, Par, US). 

Arizona: Ft. Huachuca, Lemmon 2704 (BM, Del, G, US); Sacaton, Harri- 
son 1778 (US); Ft. Lowell, Thornber 4^7 (US). Chihuahua: Canyon of 
Rio San yiiguel, Hartman 6^2 (G, K, US); Chihuahua, 6, in 1908 

(Ber, G, K, US). Coahuila: Saltillo, Gregg 254 (Ber, G) ; Sabinas, Endlich 
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ygd (Ber). Nuevo Leon: Monterey, Arsene 6181 (US). Durango; Santi- 
ago Papasquiaro, Palmer 46, in 1896 (Ber, BM, G, K, US); San Ram6n, 
Palmer 130, in 1906 (G, K, US). Sinaloa: Culiacan, Rose, Standley & 
Russell 1 4041 (US). Sonora; Santa Cruz, M earns 2631 (US). Guana- 
juato: Guanajuato, Duges 306 (G). Jalisco: Between Santa Gertrudis 
and Santa Teresa, Rose 2082 (US). Zacatecas: San Miguel, Jones 234 
(P, US). San Luis Potosi: San Luis Potosi, Parry & Palmer 251 (E, G, 
K in part, US); Morales, Schaffner 170 (G, K). Tamaulipas: Victoria, 
Palmer 171 (K, US). Puebla ; Toluca, Andrieux386 (G, K). Vera Cruz: 
Orizaba, Seat 07 i 83 (G, US). Mexico; Mexico, Bourgeau 39 (Ber, Del, 
G, K, Par, US). Oaxaca: La Parada, Nelson 1030 (US) ; Oaxaca, Deam 13 
(G, US). Gu.atemala; Coban, Alta Verapaz, Tiirckheim 11624 (BM, Del, 
E, G, US) ; San Miguel Uspantan, J. Donnell Smith 2876 (Ber, E, G, US). 
Costa Rica: Cartago, Cooper 5769 (Ber, Boiss, G, K, US) ; San Jose, Tonduz 
441 (Boiss, US). Ecuador: Andes of Quito, Jameson 791 (BM, Del, K); 
in Andibus, Spruce 3963 (BM, Del, E, G, K, Par). Brazil; Sorocaba, 
S. Paulo, Wacket in 1902 (Ber) ; Rio Janeiro, Glaziou 8342 (Ber, K, Par, 
US); very probably introduced. Peru: Chicla, Ball in 1882, type of psy- 
crophila (K, photo at G, P); Huanuco, Ruiz, as virgata (Ber); Nouvelle 
Espagne, as virgata, Pavon (Del); San Sebastian, Cuzco, Pennell 13609 
(G, NY, US). Bolivia: Cotana, Buchtien 148 (Ber, Del, E, G); Sorata, 
Rusby 1814 (G, K, US); Capi, Bang 779 (Ber, BM, Boiss, E, G, K, M, US). 
Chile; (where it must be introduced), Parque Cousino, Santiago, Gigone 
in 1886 (G); San Felipe, Claude-Joseph 1698 (US); Limache, Santiago, 
Garaventa 943 (G); Nunoa, Philippi, as Godetia Heucki (BM). I have 
seen material of Oenothera rosea from Canary Islands, Azores, France, India, 
Rhodesia, Transvaal, etc. 

7. Oenothera speciosa Nutt., Journ. Philad. Acad. 2: 119. 1821 

Perennial, from a running rootstock, sometimes suffrutescent, with one 
to several stems 1-5 dm. long, erect or ascending or almost prostrate, simple 
or branched, usually strigose, sometimes with spreading hairs, leafy; leaves 
glabrous to sparsely strigulose, the basal ones oblanceolate to obovate, 

1- several cm. long, petioled, usually sinuate-pinnatifid into lanceolate or 
ovate lateral lobes and larger terminal one ; cauline leaves oblong-lanceolate 
to -ovate, 3-8 cm. long, short-petioled, the lower ones usually more or less 
deeply pinnatifid, upper ones sinuate-dentate or subentire and often nar- 
rower, few uppermost reduced to lance-linear bracts ca. i cm. long; flowers 
few to several, solitary in uppermost axils, vespertine, with nodding buds; 
calyx-tube strigose without, 1-2 cm. long, pubescent within at base; calyx- 
lobes strigose, lance-linear, long-acuminate, 1.5-3 cm. long, coherent in 
anthesis, with free tips 0.5-4 mm. long; petals white to pink, obcordate, 

2- 4 crn. long; stamens subequal, half as long as petals; stamens 5-10 mm. 
long; filaments 10-17 mm. long, filiform ; style exceeding stamens, pubescent 
at very base; stigma-lobes linear, 3-6 mm. long; entire capsule 10-15 mm. 
long, the terminal fertile part 2-5 mm. thick, appearing 8-ribbed, with 
strong veins and wings less than i mm. wide, attenuate into cylindrical 
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basal part 1.5-2 mm. thick, sessile; seeds brown, asymmetrically obovoid 
ca. r mm. long. ’ 

Key TO Varieties 

Stems erect or nearly so; petals 2.5-4 cm. long; capsule 3-5 mm. thick (including the wings). 

7a. Oe. speciosa var. typica, 

Stems prostrate; petals 2-2.5 cm. long; capsule 2-3 mm. thick (including the wings). 

76. Oe. speciosa var. Berlandieri 

7a. Oenothera speciosa Nutt. var. typica Munz, n. nom. 

Oenothera speciosa Nutt., l.c. Xylopleurum speciosum Raimann, in Engler 
& Prantl, Die nat. Pflanzenfam. Ill, 7; 214. 1893. Hartmannia 

speaoOT Small, Bull. Torrey Bot. Club 23: 181. 1896. Oe. speciosa 
var. serrulatiformis Ldvl., Mon. Onoth., 119, 1902, in syn. Oe. speciosa 
f. subintegrifolia L6vl., Mon. Onoth., 118, 1902. Xylopleurum Nut- 
tallii Spach, Nouv. Ann. Mus. Paris 4: 37i- 1835. X. hirsutum 

Spach, l.c., 370. Oenothera hirsuta Steud., Nom. ed. II, 2: 206. 
1841. X. Drummondii Spach, l.c., 371* X. obtusifolium Spach, l.c., 
372. Oenothera obtusifolia D. Dietr., Syn. PI. 2: 1289. 1840.' Oe. 

Spachii D. Dietr., l.c. Oe. Webbiana Steud., l.c., 208. Oe. Shimeki 
Levi., Mon. Onoth., 119. 1902. 

Stems rather coarse, 2-3 mm. thick, erect or ascending; cauline leaves 
3 8 cm. long, oblong; flowers white to pink; petals 2.5'~4 long; capsules 
stout, 3-5 mm. thick. 

Type locality, “On the plains of the Red River”; type collected by 
Nuttall. With two apparent forms: one low, 1-3 dm. tall, and with several 
stems from the base, these ascending; the other form taller, 3-6 dm. high, 
and with one to few erect stems. Since these two growth forms intergrade 
so completely in any given locality, I have been unable to separate them 
for varietal recognition. Var. typica ranges from Kansas and Missouri to 
Texas and northeastern Mexico; it has become established also in other 
places. Representative of material seen, Kansas: Chatauqua Co., Hitch- 
cock 160a (G, Par) ; Riley Co., Norton 160 (G, US) ; Wichita, Poole 259 (G). 
Oklahoma: Hinton, Caddo Co., Steoens pjo (G, K); Mannsvile, Johnston 
Co., Coll. Griffith, distributed \iy Steroens as 3490 (G); Sapulpa, Bush 167 
(M); Oklahoma City, Shimek in 1892, type of Shimeki (M). Texas: 
Bejar, Mars, 1828, Berlandier 1447 (Boiss, Del) labeled X. hirsutum by 
Spach ; San Antonio de Bejar, Martio 1828, Berlandier 187 (G) ; Rio Brazos 
Drummond 9 (K), 33 (K), 78 (G), without locality, probably from San 
Fehpe Drummond 79 G, K); New Braunfels, Lindheimer 409 

(G, K); Comanche Spring, Lindheimer 8ij (Ber, BM, G, K, Par); Dallas, 
Reverchon coll., Curtiss dist. no. 913 (Ber, Boiss, BM,’g,’k, US); San 
Antonio, Heller 1703 (Boiss, G, K, US); Houston, Lindheimer 33 (Ber, 

■ Ak^nsas : Red River, Nuttall (K) , Arkansas Terr. , Nuttall 
(BM). COAHUILA : Rio Grande Valley near Diaz, Pringle 8303 (Ber, Boiss, 
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BM, Del, G, K, P, Par, US). Chihuahua: Chihuahua, Palmer 186, in 
1908 (K, US). Durango: Durango, Palmer 100, in 1896 (Boiss, G, K, 
US). San Luis Potosi: Rio Verde, Palmer 42 (K, US). I have seen 
material also from California, Lower California, Illinois, Missouri, Louisiana, 
Georgia, Alabama, North Carolina, etc., where it is apparently introduced. 

Other tendencies to variation beside the two in habit above mentioned 
are to be found in the size and color of the flowers, in the shape of the leaves 
(from narrow to oblong, entire to pinnatifid), and in the pubescence (from 
appressed to spreading). But on the whole the large white flowers, droop- 
ing buds, ascending to erect stems, and stout cylindrical base of the fruit 
are amply characteristic. 

There is more or less intergradation with var. Berlandieri as evidenced 
by Reverchon JSSS Laredo, Texas (US) with slender stems and petals 
3.5 cm. long but pink; by Nealley in i88g from Santa Maria, Texas (US), 
with habit of typica, but petals rose and 20 mm. long; by Rose 4171, from 
Houston, Texas (US), with petals 24 mm, long, but habit of typica. 

yb. Oenothera speciosa Nutt. var. Berlandieri (Spach) Munz, n. comb. 
Xylopleurum Berlandieri Spach, Nouv. Ann. Mus. Paris 4: 370. 1835. 

Oenothera Berlandieri Walp., Rep. 2: 85. 1843. Oe. Delessertiana 

Steud., Nom., ed. II, 2: 206. 1841. Plartmannia Berlandieri Rose, 

Contr. U. S. Nat. Herb. 8: 328. 1905. PL Reverchoni Rose, l.c, 

329. Oenothera speciosa f. variegata LevL, Mon. Onoth., 118. 1902. 

Oe. speciosioides LevL, l.c., 1 13. Oe. tetrapteroides LevL, l.c. 

Stems very slender 1-1.5 mm. thick, prostrate or decumbent, usually 
i-“i.5 dm. long, sometimes pilose as well as appressed-pubescent ; leaves 
usually not more than 3"4 cm. long; flowers rose-color, the petals 2-2.5 cm. 
long; capsules slender, 2-3 mm. thick. 

Type locality, ''Crescit in Regno mexicano,” probably Matamoros. 
Not too clearly marked as a variety and intergrading freely with var. 
typica, but in its smaller redder flowers, more slender stems, and more 
prostrate habit, the plant of the immediate coastal region of Texas, from 
Corpus Christi and Galveston to adjacent Mexico, seems worth some recog- 
nition. Representative of material seen, Texas: Galveston, 4604 

(G) ; Rio Hondo, Cameron Co., Chandler 7013 (Ber, G, US) ; Corpus Christi, 
Pleller (Boiss, BM, Del, G, K, P, Par, US); McAllen, Hidalgo Co., 

Parks 2^32 (P); Laredo, Berlandier 224 = 1484 (G). Tamaulipas: near 
Matamoros, Berlandier 228g = 86g (Del, G, K), 2326 = 896 (BM, Boiss, 
Del, G, K), one of the sheets of the latter collection at the Delessert Her- 
barium bears the name PI. Berlandieri in Spach’s writing. Cultivated, at 
Missouri Botanical Garden in 1894, x speciosoides (M). 
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GAUROPSIS 1 


Gauropsis (Torr. & Frem.) Munz, n. subgenus 
Gauropsis, as subsect., Torr. & Frem., Rep., 315. 1845 ; as genus, Cockerell, 

Dot. Gaz. 30: 351. 1900. Gaurella, as genus, Small, Bull. Torrey 

Bot. Club 23: 183. 1896. 


Low bushy perennial herbs, with branching stems and small entire or 
dissected leaves. Flowers white or yellow to rose, often with reddish stripes 
or spots, axillary. Calyx-tube cylindric, as long as or exceeding the calyx- 
lobes. Stamens subequal. Stigma 4-lobed. Capsule ovoid-pyramidal or 
oblong-ovoid, sessile, attenuate at each end, with its angles keeled or winged, 
the valves strongly ribbed; seeds obovoid, angled, in several rows in each 
cell. 


The species referred to this subgenus in this paper have been variously 
placed, sometimes in the subgenus Megapterium (from which they differ 
in having the seeds in more than 2 rows in each cell and in having the seeds 
angled and not corky) and sometimes in the subgenus Hartmannia (from 
which they can be separated by having the capsule ovoid or oblong-ovoid 
and not clavate). In fact, the three species here treated are not closely 
related to any of the other subgenera, but seem to constitute a group of 
their own. 


Key to Species 

Leaves pinnatifid, 1-5 cm. long; petals 1.5-3 cm. long; capsule 10-15 mm- long. 

Stigma-lobes 2-3 mm. long; leaves with 3-4 pairs of lobes 2-3 mm. long; capsules angled 

but not winged Qe. Havardi 

Stigma-lobes 5-8 mm. long; leaves with several pairs of lobes 5-8 mm. long; capsules 

with wings 2-3 mm. wide ok dissecta 

Leaves denticulate, 0.5-1. 5 cm. long; petals 6-10 mm. long; capsule 6-8 mm. long. 

I. Oe. canescens 

Treatment of Species 


1. Oenothera canescens Torr. & Frem., Rep., 315. 1845 

Megapterium canescens Britton, Mem. Torrey Bot. Club 5: 235. 1894. 

Gaurella canescens A. Nels., in New Man. Bot. Centr. Rocky Mts., 
341- I909> Bot. Gaz. 47: 347- 1909- Gauropsis canescens 

Cockerell, Bot. Gaz. 30: 351- 1901- Oenothera guttulata Geyer ex 

Hook, London Journ. Bot. 6: 222. 1847. Gaurella guttulata Small, 

Bull. Torrey Bot. Club 23: 183. 1896. Gauropsis guttulata Cock- 

erell, l.c. 


Bushy perennial herb, diffusely branched from near base, 1-2 dm. high, 
the branches decumbent or ascending, appressed-canescent throughout; 
leaves lanceolate or linear-lanceolate, almost sessile, repand-denticulate to 
almost entire, 5-15 mm. long, with small fascicles in the axils; flowers 


^ The name Gauropsis was used by PresI (Epim. Bot., 219, 1849) as a genus name 

for a new species lancifolia. In Oct., 1931, I had the privilege of examining PresVs type 
at the German University in Prague. I found it to be a perfectly clear specimen of Clarkia 
efegaws Dougl. and can definitely throw it into synonymy. 
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sessile; calyx-tube 5-8 mm. long, strigulose; calyx-lobes lanceolate, coherent 
in anthesis, 8-9 mm. long, canescent, without free tips; petals white to pink, 
with red spots or stripes, obovate, 8-1 1 m. long; stamens subequal, two- 
thirds the petals; anthers 4-5 mm. long; style equaling the stamens or even 
the petals ; stigma-lobes 2 mm. long; capsule ovoid-pyramidal, sessile, sharply 
4-angled, 7-8 mm. long, canescent, somewhat beaked; seeds obovoid, i mm. 
long, somewhat slipper-shaped. 

Type locality, 'Tipper waters of the Platte.” Found in dried up ponds, 
on the western plains from Wyoming and Colorado to Kansas, New Mexico 
and western Texas. Representative of material seen, Wyoming: Alden, 
Vasey (G). Colorado: between Keota & Briggsdale, Weld Co., Osterhout 
6034 (P). KaNvSAS: buffalo wallows, Finney Co., Hitchcock 162 (G, US); 
Syracuse, Thompson 143 (US); plains of Upper Platte, Geyer 138 (Del, K); 
upper waters of the Platte, Fremont in 1843-4, type coll. (G). New Mex- 
ico: Rock Creek, Wislizemis (G) ; Sierra Grande, Howell 216 (US); Sand 
Creek of the Cimarron, Fendler 223 (G) ; Enchanted Spring, Santa Fe Trail, 
Newberry on Macomb Exped. (G). Texas: Amarillo, Rev er chon 3840 (G, 
P, US) ; Tahoka, Tharp 4442 (US). 

2. Oenothera dissecta Gray, ex Wats., Proc. Amer. Acad. 17: 357. 1882 

Megapterium dissectum Small, Bull. Torrey Bot. Club 23: 184. 1896. 

Hartmannia dissecta Rose, Contr. U. S. Nat. Herb. 8: 328. 1905. 

Perennial from underground rootstocks, with stems up to 2 dm. long, 
slender, branched, quite leafy, more or less strigulose throughout; leaves 
lanceolate, 2~5 cm. long, 8-15 mm. wide, pinnatifid into several pairs of 
unequal linear lobes 3-7 mm. long, basal leaves merely coarsely sinuate- 
dentate; petioles very short; flowers few, solitary, sessile in upper axils; 
calyx-tube 3~“5 cm. long, strigulose without, pubescent within at very base; 
calyx-lobes canescent, coherent at anthesis, lance-linear, 15 mm. long, barely 
free at tips; petals suborbicular-obovate, reddish, 2-3 cm. long; stamens 
subequal, the filaments glabrous, scarcely flattened, 10-15 mm. long; anthers 
ca. I cm. long; style exceeding corolla, pubescent at very base ; stigma-lobes 
5~8 mm. long; capsule oblong-ovoid, canescent, 15 mm. long, ca. 10 mm. 
thick, with wings ca. 2 mm. wide in the upper half, and with a prominent 
ridge along middle of each face, dehiscing along upper part of wings ; seeds 
oblong-obovoid, somewhat irregular, quite smooth, brown, i mm. long. 

Type locality, San Luis Potosi, Mexico. Occurring in northeastern Mex- 
ico. Material seen, San Luis Potosi: San Luis Potosi, Parry Palmer 24P 
(BM, E, G, K, US), Schaffner 168, type coll. (G, K), 446 (Ber, BM, Boiss, 
US), Barroeta (US). Durango: Durango, Palmer g66 (US). 

3. Oenothera Havardi Wats., Proc. Amer. Acad. 20: 366. 1885 

Plartmannia Flavardii Rose, Contr. U. S. Nat. Herb. 8: 328. 1905. FI, 

Palmeri Rose, l.c., 329. 

Perennial with branching caudex and several slender stems 1-2 dm. 
high, canescent-strigulose to subglabrous, leafy; leaves linear-lanceolate, or 
the lower ones oblanceolate, 1-3.5 cm. long, 2-5 mm. wide, irregularly 
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sinuate-pinnatifid, with 3-4 pairs of divergent lobes 2-3 mm. long, basal 
leaves shorter and merely divaricately dentate; calyx- tube slender, tubular, 
4-5 cm. long; calyx-lobes lance-linear, 1.5-2. 5 cm. long, coherent in an thesis, 
without free tips in the bud or with these 1.5 mm. long; petals rhomboid- 
obovate, 1.7-2. 8 cm. long, orange-yellow, turning red; stamens subequal, 
almost as long as petals; anthers 7-8 mm. long; filaments glabrous, filiform, 
9~I2 mm. long; style equaling or exceeding corolla; stigma-lobes linear, 2-3 
mm. long; capsule oblong-ovoid, 10-15 mm. long, 4-5 mm, thick, “4-angled 
and the valves strongly ribbed”; seeds brown, minutely cellular-pitted, 
depressed-obovoid, irregularly angled, 2 mm. long. 

Type locality, near Marfa, western Texas. I have seen the following 
sheets, Texas: prairies near Marfa, Havard 122, type collection (G, K, US), 
Orcuit in ip26 (US). Chihuahua: plains near Chihuahua, Pringle 1146 
(G). Durango: Tepehuanes, Palmer 301 (K, US); Santiago Papasquiaro, 
Palmer 45, type coll, of H. Palmeri (G, K, US). At first it seemed to me 
that Hartmannia Palmeri Rose might be kept as a variety, differing from 
tYpicdiX Havardi by being glabrous and having free tips to the calyx-lobes. 
But the three sheets of Palmer 43 which I have seen are not consistent 
enough in these characters to warrant recognition. 


THE GENUS GAYOPHYTUM 

Gayophytum, a. Juss. in Ann. Sci. Nat. 25: 18, t. 4. 1832; Benth. & 

Hooker, Gen. PI. 1:786, 789. 1862; T. & G., FI. N. Am. i: 512. 1840; 

Trelease, Report Mo, Bot. Card. 5: 107. 1894 

Slender-stemmed acaulescent annuals. Leaves alternate, entire, linear, 
and subsessile, or the lowest may be opposite, linear-oblanceolate, and 
short-petioled. Flowers in upper axils. Calyx-tube scarcely evident, the 
calyx being parted to the ovary, the segments often refiexed in anthesis. 
Petals 4> small, rhomboid-spatulate to -obovate, white, frequently becoming 
pink or red. Stamens 8, the alternate set much reduced and usually sterile. 
Stigma^ capitate. Capsule 2-celled, 4-valved, linear or clavate. Seeds 
many, in a single row in each cell, not comose. 


Type species, G. humile Juss. 


I i The genus Gayophytum offers an unusually interesting series of plants, 

I varying in a comparatively small number of characters, and these in every 

conceivable combination. Flowers may be small or large; capsules may be 
! sessile or pedicelled, erect or spreading-deflexed, short or long, torulose or 

not torulose; the minute hairs may be appressed or spreading ; seeds may be 
. : glabrous or pubescent; branching may be basal or distinctly above the base. 

The attempt at classification presented in this paper may be quite artificial ; 
I ; it has been arrived at only after much study. Unfortunately geographical 

distribution, which is so often of great aid to the systematist, is not very 
: , useful here, and one almost doubts the validity of some of the entities 

’ maintained because of their lack of continuous or definite distribution. 
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many hundreds of sheets at various times during the past three years, I 
have been forced to conclude that there are several very real and definite 
entities in the genus. This paper attempts to present my present concep- 
tion of them. 

Key to Species 

Capsule torulose, pedicelled ; plants freely branched above the base, repeatedly dichotomous, 
the upper leaves bractlike. 

Seeds glabrous. 

Plant prostrate, purplish; petals white, i mm. long; capsules quite sessile, with 

longitudinal rows of 2-3 seeds only. So. America i. G, micranthum 

Plant erect, greenish; petals soon becoming pink to red; capsules pedicelled, with 


more seeds per row. Mostly No. American. 

Petals 0.5-1. 5 mm. long. 

Petals 0.5 mm. long; capsule 2-5 mm. long, shorter than the deflexed pedicel; 

plants quite glabrous 2. G. ramosissimum 

Petals 1-1.5 mm. long; capsule 5-“i2 mm. long, exceeding the pedicel. 

3. G. NnUallii 

Petals 2-4 mm. long 4. G, diffusum 

Seeds appressed-canescent. 

Petals 1-2 mm. long 5* C. lasiospermum 

Petals 3-4 mm. long 6. C. eriospermimi 

Capsule not torulose, subsessile; plants branched mostly at the base, not so much above; 
upper leaves quite well developed. 

Seeds vertically placed in a very narrow capsule. 

Seeds glabrous y. G.racemosum 

Seeds appressed-canescent 8. G. lielleri 

Seeds obliquely placed in a slightly broader capsule 9. G. humile 


Treatment of Species 

I. Gayophytum micranthum (Presl) H. & A. in Hook., Bot. Misc. 3: 31 1. 

1833 

Oenothera micrantha Presl, Rel. Haenk. 2 : 31. 1827. Holostigma para- 

doxum Spach, Nouv. Ann. Mus. Paris 4 ; 334. 1835. Sphaerostigma 

paradoxum Gay, FI. Chil. 2 : 329. 1846. Chamissonia paradoxa 

Reiche, Anal. Univ. Chile 98:482. 1897. Gayophytum gracile Phil., 

Anal. Univ. Chile 84 : 628. 1893. G. humile var. gracile Reiche, 

Lc., 484. Oenothera gracilis Levi., Mon. Onoth., 167. 1905. Oe, 

rigida Gillies, in syn., H. & A., Lc. 

Freely branched, with prostrate or laxly ascending stems, commonly 1-2 
dm. high, purplish, quite glabrous, somewhat strigulose in upper parts; 
leaves remote, lance-linear, 5“25 mm. long, 1-2 mm. wide, quite entire, 
sessile or the lower short-petioled ; calyx-lobes 0.5-0.8 mm. long; petals i 
mm. long, white; pedicels 0.5 mm. long; capsule torulose, ascending, 5-6 
mm. long, with ca. 3 seeds in each row, purplish; seeds glabrous, 1.5 mm. 
long. 

Type locality, 'dn regno Chilensi.” Confined to South America. Rep- 
resentative material, Chile: without \ocdllty, Oenothera micrantha Presl, Rel. 
Haenk. (Ber, and German Univ. at Prague) ; Andes Chilenses, Cuming ^21 
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(BM, Del, K) ; without locality, Gay as Sphaerosiigma paradoxum (Ber, Del, 
K, Pai) ; Cord., Chili, Philippi^ as Graciophylo gracilis (Ber, K) ; Los Morros 
Andes of Mendoza, Oe. rigida n. sp., Gillies (K) ; Coquimbo, Banos del Toro 
Werdermann 200 (Ber, BM, G, K); Laguna Valeriano, Atacama, Johnston 
(G, P, K) ; Uspallata Pass, Juncal, Buchlien in iQOj (Ber, BM). Ar- 
gentina: Quebrada Ortega, No. West San Juan, Johnston 6173 (G, K P)- 
Penitente Thai, Gussfeldt in 1883 (Ber). ’ ’ 


2. Gayophytum ramosissimum T. & G., FI. N. Am. i: 513. 1840 
Gayopkytum ramosissimum var. deflexum Hook., London Journ. Bot. 6: 
224. 1847. Oenothera Gayophytum race Treleasiana f. ramosissima 

L6vl., Mon. Onoth., 169. 1905, in part. Gayophytum ramosissimum 

var. oUusum Jeps., Man. FI. Pis. Calif., 688. 1925. 


branched, mostly above the base, with the ultimate branches 
h Worm, quite glabrous, sometimes slightly strigulose about the flowers- 
plant 2 5 dm. tall; leaves lance-linear, 1-3 cm. long, short-petioled, grad- 
ually reduced up the stem; pedicels capillary, 3-5 mm. long, mostly spread- 
mg-deflexed , flowers minute; calyx-lobes erect, 0.5 mm. long; petals 0 
™™mm fong^^™^ globose; capsule plump, 2-5 mm. long; seeds glabrous. 


Type locality, "Rocky Mountains,” Blackfoot River; type collected by 
Nuttall. This species is characterized by its minute flowers and short 
plump capsules on long spreading pedicels, the capsules usually deflexed. 
Ranging from northeastern California to eastern Washington, then to Mon- 
tana, Colorado, and Arizona. It is not nearly so common or widespread as 
the next species. Representative material may be cited as follows, Black- 
oot iver. Rocky Mts., Nuttall (BM, K, Philadelphia Academy); Wash- 
ington: Loomis, Jones in igii (P) ; Washtucna, Elmer 1042 (Ber, K) ; Ritz- 
yille, Lemberg & Sandberg isg (Ber, Par, G, K). Oregon: Steins Mts., 
L^berg (Ber, G, P) ; between Pineville and Bear Buttes, Leiberg 327 
(G, K, P); Bend, Peck gydd (G). California: Goose Lake Valley, Mrs. 
ustin468 ^) , Chat, Jones in i8g7 (P). Nevada: Carson City, Baker g66 

0 ■’ ^906 (P). Arizona: Flagstaff, Jones 

3958 (Boiss, Del, P); Buckskin Mts., Jones in i8g6 (P). Idaho: Coeur 

P): Weiser, Washington Co., Jones in i8g9 
(P). Montana: Spanish Basin, Gallatin Co., Rydberg & Bessey 4573 (Ber, 
Del,^oiss, G, K) ; Monida, Jowes in ig22 (P). Wyoming; Nowood Creek’ 
Big Horn Co. Gooddtng 5x0 (Boiss, Del, G, P); Gardiner River, A. & E. 

n Golorado; Black Canyon, Baker ig2 

fBer, Del G, K, P); Pagosa Springs, Baker 4g3 (Ber, Boiss, Del, G, K, P); 
Golden, Greene in 1870 (G). Utah: Frisco, Jones ig53 (Ber, Boiss, P); 
Marysvale, 5.^10/ (P). 





Nov., 1932] 


MUNZ — ONAGRACEAE 


771 


3. Gayophytum Nuttallii T. & G., FI. N. Am. i: 514. 1840 

With, habit and stature of G. ramosisshnum^ usually more evidently 
puberulent in upper parts; pedicels 1-3(5) long; calyx-lobes 1-1.5 mm. 
long, reflexed in anthesis; petals reddish at least in age, i“i.5 mm. long; 
capsule 5-12 mm. long, usually exceeding the pedicel; seeds glabrous, 1-1.5 
mm. long. 

More common and widespread than G. ramosissimum and often con- 
fused with it, but quite distinct in its large flowers, longer capsules and 
larger seeds. It intergrades freely with ramosissimum and diffusum. 

Key to Varieties 

Pubescence appressed. 

Capsules erect 30^. G. Nuttallii var. typicum 

Capsules deflexed 3/!?. G. Nuttallii var. intermedium 

Pubescence spreading; capsule erect 3c. G, Nuttallii var. Abramsii 

3a. Gayophytum Nuttallii T. & G. var. typicum Munz, n. nom. 

G, Nuttallii T. & G., l.c. G. ramosissimum var. strictipes Hook., London 
Jour. Bot. 6: 224. 1847. G. rohustum Phil., Anal. Univ. Chile 84: 

628. 1893. G. humile var. rohustum Reiche, Anal. Univ. Chile 98: 

484. 1897. Oenothera micrantha Nutt., in syn., T. & G., l.c. Oe, 

Gayophytum race Philippiana f. rohusta Levi., Mon. Onoth., 169. 
1905. Gayophytum ramosissimum var. pygmemn Jeps., Man. FI. Pis. 
Calif., 689. 1925. 

Pedicels and fruit erect; puberulence appressed. 

Type locality, '‘Rocky Mountains.’' Ranging from Southern California 
to Washington, South Dakota, New Mexico; also in Chile and Argentine. 
In California material the capsules tend to be shorter and fewer seeded 
than in plants from the rest of the range. Typicum> intergrades freely with 
the other varieties. Representative material may be cited. Rocky Mts., 
Nuttall as Oe, micrantha, type coll. (BM, K). Washington: Falcon Valley, 
Suksdorf 2257 (Boiss, G) ; Stehekin, Chelan Lake, Jones in igii (P) ; Mt. 
Paddo, Suksdorf 22g6 (Boiss, G). Idaho: Cedar Mts., Latah Co., Piper 
^^33 (G, P). Oregon: Beaver Run, Klamath Co., Leiberg 6is (G, K, P); 
Paulina Lake, Crook Co., Peck g646 (Del, G). California: Soda Springs, 
Jones 2^24 (Ber, P) ; Hacketts Meadow, Tulare Co., Culbertson 4466 (G, 
NY, P); Yosemite, Abrams 4343 (G, P); Mt. Wilson, Los Angeles Co., 
Abrams 2381 (G, K, P); Griffins, Ventura Co., Elmer 3 gf 6 (Ber, G, Del, 
K, P) ; Cuyamaca Lake, San Diego Co., Munz & Harwood 72^1 (P). Ne- 
vada: Lake Tahoe, Hillman in i8g4 (P) ; Charleston Mts., Jaeger in ig26 
(P). Utah: Alta, Jones 1148, in part (Ber, P). Montana: Anaconda, 
Blankinship in igo6 (P) ; Midvale, Umbach 342 (NY). South Dakota: 
Rochford, Rydberg 700 (Ber, G) . Wyoming: West De Lacy Creek, A .Jdf E, 
Nelson 6304 {Q, NY) ] Cord., Sublette Co., Payson 4344 (G). Colorado: 
Elk River, Routt Co., Goodding 1663 (Ber, Del, G); Mancos, Baker, Earle 
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^ Tracy 389 (Ber, Del, G, K, P). Chile: Valle hermoso, Ortem in i8r. 
ype of rohustum at Santiago (photo at G, P); Cordillera sent bv Phili^ ’ 
as robustum (Ber, G, K) ; Paso Cruz, Kuntze (Boiss) ; Cor. de Maule C 

Toc^'T Linares, Reiche in 1897 (Ber) • without 

3 &. Gayophytum Nuttallii T. & G. var. intermedium (Rydb.) Munz, n. comb 
G. ^nterrnei^um Rydb., Bull. Torrey Bot. Club 31: 569. 1904 

Pedicels and fruit spreading or deflexed ; puberulence appressed 

radn adjoining meadows, west of Ouray Colo- 

tana and C Washington to Mon- 

cieflexe?fru?rbS' has' toward 

Representative mat ’ I ■ ^ ong capsules and short pedicels of Nuttallii. 

2^7 (Boiss NyT Tdaho -1 Washington: Mt. Paddo, Suksdorf 

Dougal & Heller^ 652 (Ber oScoN-^U^r'F 

Co., Peck S620 (G); Mann Lake, Ldrirg 7^6 fG^ wlonml^ 

&• Sdl, jpj, type of intemedium (NY) n„„ ' rT« rlS 
Garrett 264^ (G); Mt. Timpanogos, Galet, 

3 «. Gayophytum Huttallii T. & G. var. AbramsU Munz, „. var. 

erect. (Planta^breve^omT»:teno^^'^^K"'^i’ capsules mostly 

erectis.) ^ ^ ^ puberula; pedicellis capsulisque fere 

f t:oldwater Canyon, San Antonio Mts., Los Aneeles Co rtti; 

iMjpesa(&((l?dStonford'’ 

mgton and MonTnfSltSa. SSfrhaTX^r": “ " f; 
folLls! SrsH™o?orFall\r“f s f ”>ateri“;s I 

paddo,'&w/S“(BdrG) tr/?' “*■ 

Valley, Sandberg df Leibers «5> fGl ’ 0^,7 ’ ’ Wenatchee 

Leiberg 434 (G pT • Mt lod r^‘ Co., 

Mts., T S Land^eze^Lm 7 A'’.lt California: Siskiyou 

(G); Giant Forest, K Brandege'e Co., MardocA 2524 

Tic*. Road Smifs, TO (G) ; YosuLto Vtdtriils TO-TcrB 
Jadio TO (Px'Nf ^°'“T San 

Kennedy 1202 Q4Y) Idaho- R ^yada. Galena Ranch, Washoe Co., 
in part (P) mIpVaX' ? W^hington Co., /o„s in rS^. 

tahe, lL( /atrC?)' htTeSn. ^ 
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4. Gayophytum diffusum T. & G., FI. N. Am. i: 513. 1840 

With general habit and stature of G. Nuttallii; pedicels 2-8 mm. long, 
erect or divaricate; calyx-lobes 2-3 mm. long, reflexed in an thesis; petals 
white to pink, 2-4 mm. long; stigma clavate-capitate ; capsules 5-12 mm. 
long, divaricate; seed smooth, 1--1.25 mm. long. 

Key to Varieties 

Pubescence appressed ^a. G. diffusum var. typicum 

Pubescence spreading. .46. G. diffusum var. villosum 

4a. Gayophytum diffusum T. & G. var. typicum n. nom. 

G. diffusum T. & G., l.c. Oenothera Gayophytum race Treleasiana f. diffusa 
Levi., Mon. Onoth., 169. 1905. 

Upper parts of plants strigulose. 

Type locality, '‘Rocky Mountains and plains of Oregon.’' Ranging 
from southern California to Washington, Montana and Wyoming. Rep- 
resentative collections, Washington: Loomiston, Okanogan Co., Elmer 6og 
(Ber, K, P) ; Tchimakaine, Spokane Country, Geyer 546 in part (Ber, G, K) ; 
Lake Calispel, Kr eager J45 (G). Without definite locality, Nuttall, type 
coll. (BM, G, K). Oregon: Farewell Bend, Leiherg 4^5 in part (G). Cali- 
fornia: Goosenest Foothills, Siskiyou Co., Butler 1630 (P) ; Morgans Springs, 
Lassen Butte region, Eastivood i8iy (G, K); Fosters, Amador Co., Hansen 
503 (Ber, Boiss, Del, K, Par); Mission Pine, Ventura Co., Hoffmann in 1930 
(P). Nevada: Clear Creek, Canyon, Ormsby Co., Baker 1246 (Del, G, .P). 
Idaho: Silver City, Owyhee Co., Macbride 372 (Del, G, Par); Ketchum, 
Blaine Co., Nelson Sf Macbride 1223 (Del, G, P). Wyoming: Upper Geyser 
Basin, A. E. Nelson 6260 (Ber, Del, G, P). Montana: Old Hollowtop, 
near Pony, Rydberg 4580 (K, G). Intergrading freely with G. Nuttallii in 
flower size. 

4b. Gayophytum diffusum, T. & G. var. villosum Munz, n. var. 

Pubescence of upper parts of plant of very short, spreading hairs. 
(Planta breve porrecteque puberulenta in partibus superioribus.) 

Type, Farewell Bend, Crook County, Oregon, Leiberg 433, Pomona 
College Herbarium No. 38658. The name villosum is an old herbarium 
name on sheets of the Lyall collection, but without authority and seems 
never to have been published. This variety is rather rare, and with the 
range of typicum. Material seen, Columbia River, from lat. 46-49 N., 
Lyall in i860 (G, K, Par); near Colville, Columbia River, Lyall in i860 
(Ber, K) ; Des Chutes, Ore., Leiberg 261^^ (G); Cimcoe Mts., Wash., Howell 
in 1880 (Ber, Del); Falcon Valley, Wash., Howell in 1882, in part (Ber, 
Del) ; Trinity, Elmore Co., Ida., Macbride 337 (Del, Par); Mts. California, 
Bridges yg (K); Siskiyou Co., California, Prwgfe in 1882 (K); Bear Valley, 
southern Calif., jpoo, in part (P). 
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5 - Gayophytum lasiospermum Greene, Pittonia 2: 164. 1891 
linear^^-'j^rm above; leaves linear to lance- 

or eve’n reflexed; SVljotes? rrlm'tenJ.relxS aXS^'etlKhiSf 


Puberulence appressed . 
Puberulence spreading. 


Key to Varieties 

: • ■ . 5 a. G. lasiospermum var. typicum 

• • • 5^. G. lasiospermum var. Hoffmannii 

50- Gayophytum lasiospemum Greene var. typicum n. nom. 

G. lasiospermum Greene, l.c. Oenothera Gayophytum race Treleasiana f 
lasiosperma Levi., Mon. Onoth., 169. 1905. 

Puberulence of upper parts of plant closely appressed. 

Type locality “near Julian, San Diego Co., California.” Ranging to 
asbngton and Montana. Representative material, Washington: Junc- 
lon Crab & Wilson Creeks, Douglas Co., Sandberg df Leiberg 232 (Ber K 
Par), Rock Island, Kittitas Co., Sandberg & Leiberg 428 (Ber,_.G, K Par)’ 
Chelan, Elmer 488 Ber, Del, P). Oregon: Mann Lake, Leiberg 2406 52 ’ 

) , Keno, Klamath Co., Peck 9415 (P); Swan Lake Valley, ApplegaU 203 
? Vc^ Mts., Abrams I McGregor 

cLiol’ ■’ 9^3 (G, P, Par) ; Glen Alpine 

1406 r ■ Ormsby Co., Baker 

G PI P Del G, P). IDAHO.-Tamarack, Washington Co., Clark 178 (Del, 

S^rrP^^MoNTfN! Sheep Canyon, Bartholomew 

c n* • Gallatin Basin, Blankinship 22, in part fBoiss') 

ome cdlections, cited above, such as Sandberg &> Leiberg 428 aonroach 

- 0~a,iXxX t 



56.^ Gayophytum lasiospermum Greene var. Hoffmannii Munz, n. var 
publrulenm.r*^''^ spreading hairs. (Pknta breve porrecteque 



ypc, Stauffer Postoffice, JVIt. Pinos Ventiir?» TTn-ff/wi * r 
1028 Pomnna Paxti iLT t. • Uopmann in June 2 

Matertr n""” the varie: 

S™ sTtA 'T’ H^^^ethief Meadows, east of Mt. Hoo- 

(gT sf r i Siskiyou Co., Heller 117: 

(G): Lake Tahoe, Hillman in 1894 (P 
iehachapi Mts., Abrams McGregor rrv Pinff i i c r> 5 
Mts., Munz 10728 (P). ^ ^ ^ Bernards 
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6. Gayophytum eriospermum Coville, Contr. U. S. Nat. Herb. 4: 103. 

1893 

G. lasiospermum var. eriospermum Jeps., Man. FI. Pis. Calif., 689. 1925. 

Like G. lasiospermum in stature, habit, and pubescence of seeds; pedicels 
4-8 mm. long; calyx-lobes 3 mm. long; petals 3-5 mm. long. 

Type locality, east fork of Kaweah River, Tulare Co., Calif. Doubt- 
fully distinct from G, lasiospermum^ but bearing the same relation to it, as 
does G. diffusum, to G. Nuttallii, Rare, extending from the southern Sierras 
in California to Oregon and Idaho. Material seen, California: Kern River 
Flat, Culbertson 4308 (P) ; Mud Springs, Amador Co., Hansen yo2 (Del); 
Prattville, Jones in iSgy (P); dry woods, Siskiyou Co., Pringle in 1882 
(Boiss); Butte Meadows, Butte Co., Heller 11583 (Del, G). Idaho: Indian 
Valley, Jones 6315 (P); Boise, Clark 340 (P). Oregon: without locality, 
Engelmann (Ber). Some of the above, as Culbertson 4308, Clark 340, and 
Jones 6315, have fruits like those of G. ramosissimum, while the Jones plant 
from Prattville has those of Nuttallii. 

7. Gayophytum racemosum T. & G., FI. N. Am. i: 514. 1840 

Oenothera Gayophytum race Philippiana f. caesia Levi., Mon. Onoth., 169. 
1905. 

Plants low, i“'2 dm. high, subsimple to repeatedly branched from base, 
the ultimate branches leafy and relatively simple; leaves linear to linear- 
oblanceolate, 1-3 cm. long; pedicels from almost none to 2 mm. long, erect; 
calyx-lobes 0.5 mm. long; petals white, turning red, scarcely i mm. long; 
capsule subterete, narrowly linear, not torulose, erect, 6-14 mm. long; seeds 
erect, glabrous, i mm. long. 

Plants referred here are often difficult to distinguish from G. Nuttallii, 
which is scarcely leafy in the upper parts and has the capsule more clavate 
and torulose, and from G. humile, which has the seeds oblique. 

Key to Varieties 

Plant strlgulose or subglabrous 7a. G. racemosum var. typicum 

Plant with short spreading hairs "jh. G. racemosum var. caesium 

ja. Gayophytum racemosum T. & G. var. typicum n. nom. 

G. racemosum T. & G., l.c. 

Lower parts glabrous, the upper strigulose or subglabrous. 

Type locality, ‘‘Near Black-Foot River,^’ Idaho. Occasional from 
southern California to Washington, Montana, Colorado, and Arizona. In- 
tergrading in pubescence with var. caesium. Representative material of 
var. typicum-: without locality definitely given, Nuttall, type coll. (BM, G, 
K). Washington: Mt. Paddo, Suksdorf 5722 (G); Klickitat River, Suks- 
dorf 82 (Ber, Boiss); Falcon Valley, Suksdorf 342 (Ber, Par). Oregon: 
Steins Mts., Leiherg 24^0 (Ber in part, G, K); Big Meadows, Des Chutes 
River, Leiherg 502 (G, P) . California : Davis Creek, Modoc Co., Black 
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^n 1894 (K) ; Chilcott, Plumas Co., Eastwood 14934 (P) 1 Armstrongs Station 
Amador Co., Hansen 1091 (Boiss, K, Par); Bear Valley, San Bernardino 

(Boiss Del, P)^ Utah: Alta, Jones 1249 (Ber, G, P) ; Cottonwood Canyon 
Ganett_ 1540 (G NY). Nevada: East Humboldt Mts., Watson 402 (G)’ 
M°^^^^^--Monida,/.«..5jp7(P). Wyoming: Nash t 
In Jof^nll GX Empire, Pa«.r- 

7b. Gayophytumracemosuro. T. & G. var. caesium, (T. & G.) Munz, n. comb 
G. caesium T. & G., FI. N. Am. i: 514. 1840. 

hairr^°'^ minute short spreading 

Type locality, near Walla Walla, Washington. Occasional from central 
California to Washington and Nevada. This plant is usually treated as 
ngmg to the ramostsstmum-Nuttallii group, but has the capsules of 
material, near Walla Walla, Nuttall, type coll. 

Ruki- M. Lakeview, Peck 15298 

(K) , Stems Mts., Letberg 2543 (Ber, G). California: Echo Camp, Eldl 

rirBoi’sf ^ Co., Palmer 

8. Gayophytdm Heller, Rydb., Bull. Torrey Bot. Club 40: 65. ,9,3 

pressS^aMsSnt™ but with the seeds ap- 

Key to Varieties 

Plant with short spreading hairs Hn r ir ,j ■ 

Plant strigulose or subglabrous . . r. 

liellen va.T. glabrum 

Ba. Gayophytum HeUeri Rydb. var. typicum n. nom 

G. Hellen Rydb., l.c. G. Helleri var. erosulatum Jeps., Man. El. Pis Calif 
Do9- 1925. ■ ■ 

Plant with short spreading hairs. 

Calimk°to C^as'onal from southern 

ton- RocU t 1 Representative material, M^ashing- 

Tam L Co., Sandberg &■ Leiberg 428 (G) Idaho- 

PC Fe'ii.TT' '-T'" ‘=“'' 

North RoHv r\u • i ivyr ^042 [Del, G, P). California: 

tn Baldy, San Gabriel Mts., Abrams &> McGregor 572 (G, Del). 


Nov., 1932] 


MUN 2 — ONAGRACEAE 


777 


8b. Gayophytum Helleri Rydb. var. glabrum Munz, n. var. 

Plant quite glabrous (Planta fere glabra). 

Type, Silver City, Owyhee Co., Idaho, J. F. Macbride 3 q8, Gray Her- 
barium; isotype at Delessert Herbarium. Occasional, from central Cali- 
fornia to Washington, Idaho, Colorado. Representative material is as 
follows, Washington: Jet. Crab & Wilson Creeks, Douglas Co., Sandberg 
& Leiberg 252 (G). Oregon: Pass through Steins Mts. from Anderson 
Valley, Leiberg 23g‘j (Ber, G, K, Par); Narrows, Harney Co., Feck 46S7 
(G). California: Benton Station, Jones in 1927 (P). Idaho: Goose 
Creek, Jones in 1899 (P). Nevada: Carson City, Jones in 1897 (P); Star 
Peak, Jones in 1901 (P). Colorado: La Sal Creek, Pay son 430 (G). 

9. Gayophytum humile Juss., Ann. Sci. Nat., ser. i, 25: 18, t. 4. 1832 

Low_, 5-15 cm. high, branched from base, the branches relatively simple; 
leaves linear to lance-linear, 1-3 cm. long, entire, on short petioles, upper 
ones somewhat reduced, but quite well developed; pedicels scarcely evident; 
calyx-lobes i mm. long; petals white, i mm. long; capsule flattened, non- 
torulose, erect, 10-15 mm. long; seeds obliquely placed in capsules, 0.6 mm. 
long. 

Key to Varieties 

Plant quite glabrous ga. G. humile var. typinun 

Plant with short spreading hairs gh. G. humile var. hirtelhm 

ga. Gayophytum humile Juss. var. tsrpicum n. nom. 

G. humile Juss., l.c. G. pumilum S. Wats., Proc. Am. Acad. 18: 193. 1883. 

G. densifolium Phil., Anal. Univ. Chile 84: 629. 1893. G. humile 

var. Reiche, Anal. Univ. Chile 98: 484. 1897. G.minu- 

tum Phil., Linnaea 28: 687. 1856. Oenothera Gayophytum race 

Philippiana f. densifolia Levi., Mon. Onoth., 169. 1905. 

Plant quite glabrous. 

Type locality, Chile. Occasional, Chile; and from southern California 
to Washington and Idaho. Material from North and South America can- 
not be separated. Representative collections, Chile: without locality. 
Bridges 1234 (BM, K, Par) ; Cord, de las Aranas, Landbeck in 1861, at Santi- 
ago herbarium (photo at G, P) ; Cord, de Santiago, sent by Philippi (Ber, 
G, K); CordilL, Chili, sent by Philippi as densifolium (Ber, K); Andes de 
Talca, Cajon de Calabozo, type of densifolium, Philippi in 1879, at Santiago 
Herbarium (photo at G, P), specimen sent by Philippi (BM); CordilL de 
St. Jago, Philippi 796 (BM). California: Yosemite, Abrams 4586 (G); 
below Cisco, Placer Co., Heller 12716 {Del, G) ; Truckee, Heller 7057 (Ber, 
Del, G, P); head of Sacramento River, Pringle in 1882 (Boiss, G); Lake 
Co., Torrey 97, type of pumilum (G). Oregon: Ashland Butte, Siskiyou 
Mts., Howell in 1887 (Boiss, Del); Blue Mts., Cusick 1737a (G). Idaho: 
Cedar Mts., Latah Co., Elmer 788 (Ber, Del); Lake Waha, Nez Perces Co., 
Heller 3356 (Del, Boiss, Par). Washington: Falcon Valley, Klickitat Co., 
Suhsdorf 19 (G). 


778 


AMERICAN JOURNAL OF BOTANY 


[Vol. 19, 




S: ' 


9b. • Gayophytum huiuile J uss. var. hirtellunx Munz, n. var. 
pubSeiftao"™'""' t)reve porrecteque 

Type Snow Valley, Ormsby Co., Nevada, C. F. Baker Jjyj, Pomona 
College Herbarium No. 32155; isotypes at Berlin, Boissier, Delessert, Gray, 
and Pans. The name Urtellum is an herbarium name proposed by Greene’ 
but never published. This variety looks like racemosum var. caesiim, but 
has the oblique seeds of hurmle; it is restricted to western Nevada and adia- 
cen Ga ifornia. Material seen, Nevada: divide south of Slide Mt., Washoe 
Co., Heller 10923 (Del, G, NY). California: Carson Spur or Twin Lakes’ 
(Ny 7 part) ; Truckee, Sonne 112 in part 

Excluded Species 

strirm r 340 - 1867 = Boisduvalia 

stncta Greene, FI. Francisc., 225. 1891. 

Miscellaneous Changes in Nomenclature 
With Hornem., ex Sprengel, Syst. 2 : 228. 1825 

to take un thl ^ n it now becomes necessary 

see Munz, Bot. Gaz. 85: 260-265. 1928. The following changes are 

2. Oen^hera deltoides Torr. & Frem. var. decumbens (Parry) Munz 

0 ^^alb^cauUs Nutt. var. (?) decumbens Parry, Amer. Nat."9:^2''7o.'" i^T 
the type collection being Barry 63 from St. George, Utah. 

Pomona College, 

Claremont, California 


-A 
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THE CHROMOSOMES OF THE CALIFORNIAN LILIACEAE I 

Donald A. Johansen 
(Received for publication March 17, 1932) 

During the past few years, material of the Californian Liliaceae has been 
collected in the field as opportunity afforded. The immediate objective has 
been the ascertainment of the chromosomal constitution of each of the known 
species; while the idea of prosecuting cytomorphological investigations has 
been kept in mind, it is impracticable to undertake such studies for the time 
being because of the difficulty of procuring a sufiicient quantity of material 
representing all the stages in the life-history. Phylogenetic considerations for 
the most part must also be left to the future. Many of the species are rarely 
found, some are local in distribution, others occur at stations not easily ac- 
cessible by the ordinary means of transportation; finally, the territory em- 
braced by the state is so vast that it is extremely difficult to complete any large 
genus that is of statewide distribution. Among such in the Liliaceae might 
be mentioned Calochortiis, Erythronium, Alliimij and Triteleia. Nevertheless, 
it is now possible to present one genus in its entirety, in addition to one mono- 
and certain species in other genera which have previously been 
worked upon by others. 

The material investigated was secured either from plants growing in their 
natural habitats, sometimes from the type locality, or from corms, bulbs, or 
roots which were collected in the wild and from which root tips were obtained 
by the sand or water-culture method. It has been deemed necessary to avoid 
as far as possible using plants procured from commercial growers in order to 
obviate any danger of contamination by hybridization, as certain of the genera 
(e.g.j Calochortus) tend to hybridize freely. 

Dr. LeRoy Abrams’ Illustrated Flora of the Pacific States has been fol- 
lowed almost exclusively in the determination of genera and si>ecies. In the 
author’s opinion, the delimitations as given in this manual best follow modern 
concepts. The general avoidance of such artificialities as varieties and sub- 
species, which seem absurd to the cytologist, renders it far easier to assign a 
definite value to the cytological findings. It is rather striking that the results 
reported below, especially in the cases of Dichelostemma and Hook era, almost 
exactly parallel Dr. Abrams’ delimitations. 

Extremely little has been published on the cytology of the Californian 
Liliaceae. The only comprehensive paper is that of Newton ( i ) , whose at- 
tention was directed principally to Calochortus. The species upon which 
Newton worked are common in cultivation and readily obtainable from any 
bulb dealer in the state, but he has so obviously taken the trouble to assure 
himself of the taxonomic and genetic purity of his plants that it is doubtful if 
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material collected in the wild will be found to be any different from material 
from plants grown in England. The very few other species reported upon 
will be mentioned under the appropriate genera. 

Dichelostemma 

The genus Dichelostemma Kimth consists of four valid Californian spe- 
cies, all of which have been investigated. A fifth species, D, panel florum 
Standi., has been described from Arizona and New Mexico, but it so closely 
resembles specimens of D. capitatum from the desei't sloj>es of southern Cali- 
fornia that it seems best to follow Dr. Abrams' recommendation (personal 
discussion) to regard it as merely an inconsequential ecological variant of the 
latter species. It has not been studied microscopically, no material being 
available. 

D. nmltiflonmi Eleller (text fig. i). The diploid number is 30. The 
autosonies differ greatly in bulk and in general morphological detail; pairing 
of homologous chromosomes is fairly clear. In a number of plates there was 
clear evidence of fragmentation, and in a single plate each member of a large 
pair had two small satellites. However, I am not wholly convinced that 
satellites are regularly present. 

D. pulchelhim Heller (text fig. 2). The only available material was a few 
ovaries, collected just after fertilization had occurred. Many counts have 
been made in various ovular tissues, and there seems little doubt that the 
diploid number is other than 36. There is much difference in the morphology 
of the chromosomes ; pairing in many figures is quite prominent. 

D. calif ornicum Wood (text fig. 3). The diploid number, as in the pre- 
ceding species, is 36. The chromosomes are faiidy large, but vary greatly in 
morphology in different metaphase plates. They are generally thicker at one 
end and narrowest slightly beyond the center away from the thicker end. This 
species resembles D. pulchelhim closely in its cytological aspects, but the two 
forms are otherwise very different. 

D. capitatum Wood (text fig. 4). The diploid number, 72, is an unex- 
pectedly high one, both for the family and for the genus. In order to estab- 
lish the accuracy of such a high count, more than fifty computations have been 
made on many root tips from different conns. The chromosomes are essen- 
tially similar throughout, although some form differences can be recognized; 
pairing is fairly distinct. The question arises whether this species might be a 
tetraploid form of either D. pulchelhim or D. calif ornicum, but the problem 
does not seem susceptible of ready solution. 

Hookera 

The genus Hookera Salisb. contains eight recognized species, of which 
four have been examined cytologically. 

H. calif or nica Greene (text fig. 5). The sporophytic chromosomes, which 
total 10, are of a most irregular contour and are very much twisted. It is 
easy to recognize homologous pairs. One pair is rather peculiarly constructed. 
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each member being characterized by a deep sub-median constriction. The 
constricted pair is designated by " c ” on the accompanying plate. 

H. stellaris Greene (text fig. 6) . The six pairs of chromosomes, which 
almost invariably are seen to radiate from a common center, like the spokes of 
a wheel, are readily distinguished by size and form differences. The auto- 
somes, while much twisted for the most part, are not so strongly convoluted 
as in the preceding and the following species. 

H. minor Britten (text fig. 7). The diploid number is 14. The chromo- 
somes are irregularly thickened and very much convoluted. It is difficult to 
distinguish homolopus pairs because of the lack of size differences, and the 
twistings lender it impossible to make out much of the morphology. 

H. wrmwm Salisb. (text fig. 8). The diploid number seems high in 
comparison to the three preceding species, it being 42. The individual 
chiomosomes are somewhat twisted, but tend to have smoother contours as 
compaied to the other forms. Root tip counts were later confirmed by counts 
in ovular tissues, and in a single first anaphase meiotic figure in a megasporo- 
cyte, the haploid number was 21. 

Brevoortia 

The genus Brevoortia Wood contains only one species, although a second 
has been described. However, the latter (R. venusta Greene) is indubitably 
a lybiid between the valid species and Dichelostemma capitatum; it is known * 

only from a single station which we have been unable to relocate. For a long 
time, I have had a strong feeling that the valid species, B. ida-maia Wood, T 

was as much out of the ordinary cytologically as it is systematically. At first 
it was presumed to be a hybrid, but after Dr. Abrams had pointed out the im- 
possibility of discovering its presumed parentage in any of the known species, 
in closely related genera {Dichelostemma, Hookera, and Triteleia), this pre- 
sumption was abandoned. Meiosis in the microsporocytes so closely resembles 
e coiiesponding phenomena in that remarkable group of Californian plants, 
whose number is constantly being added to, in which oscillating haploid and 
aiploid chromosome numbers regularly prevail, that B. ida-mana mav be an 

addition to this group. The group already includes four of the five species of 

arkia,^ two or three in Crepis, one in Lagophylla, and doubtless several other 
species in different genera. In microsporocytic meiosis the chromosomes vary 
strikingly m number and shape but above all in size. The range in number j 

as not yet been determined, but the larger number of countable plates show I 

close to 20 haploid chromosomes. Upon the availability of more material, a 
ciitical study of the species is projected. | 

SCOLIOPUS ' 

The Pacific Coast genus PcoHo/> 7 r^ Torr. contains but two species, the 

Cahfornian_ representative being P. Torr. The diploid number in 

is species is 14 (text fig. 9) . The chromosomes of this species differ sharply 
in morphology ; the pairs may be classified as follows : {a) one long pair, each 
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member of which has a median constriction, (b) one long U-.shaped pair, (c) 
one medium long straight pair, (d) one medium long curved pair, (e) two 
short, broad pairs, and (/) one short, narrow pair. 

Trillium 

Trillnim chloropetalum Howell has 6 haploid and 12 diploid chromosomes, 
which biings it into agieement with the counts previously reported by other 
investigators for the two or three eastern species. The form with maroon 
flowers, as found in the higher foothills of the eastern side of the Santa Clara 
Valley, was the one studied. It is hardly likely that the greenish-vellow and 
white flowered forms are any different cytologically. None of the other Cali- 
fornian species has been available for study. 

Summary 

1. The chromosome numbers, together with significant details of the 
chromosome morphology, have been described for all the species of Dichelo- 
stemnia, four species of Hook era, the sole si>ecies of Brcvoortia, and for one 
species each in Scoliopus and Trillium. 

2. Brevoortia ida-maia may possibly be a species with oscillating chromo- 
some numbers. 

Stanford University, California 
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THE NUMBER AND WEIGHT OF SEEDS PRODUCED 
BY WEEDS ^ 

O. A. Stevens 

(Received for publication March i8, 1932) 

Introduction 

Knowledge of the number of seeds produced by individual weed plants is 
desirable for studies in crop ecology. The approximate weight of individual 
seeds is continually of use to the seed analyst in determining and checking the 
percentages found in samples of crop seeds. The present study was be<nm to 
secure educational material. It has been continued for five years in the\elief 
that a comprehensive report would be of value and might permit some gen- 
eralizations. The term “ weed ” has been used in its broadest sense and a 
tew cultivated or other wild plants have been included. 




i i . 
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The literature on weeds contains numerous references to the number of 
seeds produced by plants of various species. Usually these are without anv 
explanation of the way in which the results were obtained. In the present 
work a definite method of collecting and cleaning was followed. Except 
where otherwise indicated, the writer has loersonally selected the plants and 
supervised the work throughout. An average, well developed plant, growing 
with compaiatively little comi>etition, was selected at a time when it would 
ave the maximum number of mature seeds. After drying and threshing, 
the seeds were cleaned and finally recleaned with a vertical air-blast to retain 
only plump, well developed seeds and, unless otherwise noted, only these are 
included m the results. The last point is especially important because in 
weed seeds, it appears that the results have been ob- 

scared by the use of immature material. 

theltls“nf°f-t ^'^11 adapted to use with plants 

for r ^ f which are released as soon as mature. Thus it is almost useless 

eILw “7 Cichoriaceae, and unsatisfactorv for Oxalis, 

fnU facm; Explosive fruits and parachutes are not th^ 

cies wSrL7tf 7"’ one finds spe- 

ErL7! ^ I which do not. In the 

inta Thlaspt, Conringia, Brassica, and Camelina remain 

verv eSv 1 ri" 7 T particular, begins to drop its seeds 

so7e W t to flower and develop additional fruits for 

some time. Lep,dium and many others occupy a somewhat intermediate posi- 

Botany, North Dakota Agricultural Experiment 

otation. Jdublished with the approval of the Director. ^ 
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Species 


Wt, 1000 Seeds 
(grams) 


Total 

Number 


Remarks 


Alisma plantago-aquatica L. 


Agropyro7t tenerum Vasey 

Agrostis hyemalis (Walt.) B. sVp'. ! 

Alopecurus geniculatus L 

Avena fatua L 

Beckmannia erucaeformis (L.) Host . 

Beckmannia erucaeformis 

Cenchrus pauciflorus Benth 

Chaetochloa glauca (L.) Scribn 

Chaetochloa viridis (L.) Beauv 

Echinochloa crusgalli (L.) Beauv. . ! 

Elymus canadenks L V 

Eragrostis cilianensis (All*)' Link 

Eragrostis pilosa (L.) Beauv 

Hordeum juhatum L 

Panicum capilkire L ^ ' 

Panicum virgatum L 

Sporoholus asper (Michx.) 'kunth! . . 
Sporobolus cryptandrus (Torr.) Gray 

Sporoholus neglectus Nash 

Stipa viridula Trin 

Syntherisma sanguinalis (*L.j Dulac 
Tridens flavus (L.) Hitch 


Carex festucacea Schkuhr 

Carex vulpinoidea Michx ! ! !! 

Cyperus diandrus Ton* ! ! ^ 

Cyperus esculentus L ' ' 

Cyperus schweinitzii Torr 

Eleocharis engelmanni Steud 

Eleocharis palustris (L.) R. & S 

Scirpus americanus Pers 

Sdrpus atrovirens Muhl ! k ! 

Scirpus nevadensis S. Wats . . * * ! ! 
Scirpus paludosus A. Nels ” 

Tradescantia occidentalis (Britton) 
Smyth 


J uncus bufonius L . . . . 
J uncus torreyi Coville . 


Zygadenus chloranthus Richards . 


Urtica gracilis Alt . 


Alismaceae 

‘550 

Poaceae 

3-250 

•043 

.200 

17*520 

•530 

.300 

6.750 

4.200 

1475 

1.400 


21,200 


6,630 

16.000 
5,000* 

250* 

32,700 

I, no* 
6,420* 

34.000 
7 ,i 6 o*‘t 


Large plant 

All glumes present 

Without outer glumes 

Caryopses 

Large plant 

Large plant 


5-350 

1,200 


.075 

82,100 


.045 

4,200* 

Minn. 

1. 125 

2,420 

Awns re 

.650 

11,400* 

• • 1-275 

38 *'t 


.650 

4,540 


.320 

35,800* 


•525 

S>i 7 ot 


3-050 

740* 


•575 

27,100* 

Minn. 

•950 

33 ot 

Pa. 

Cyperaceae 

1.300 

4,200 


•350 

I^OOO 


.120 

1,300 


.190 

2 , 420 t 


1 .400 

950* 


.210 

1,785 


.500 

1,920 

Tuft 1.5 

2.200 

80 

10 stems 

.070 

59,140 

8 stems 

.950 

24 

3 spikes 

• 3-250 

2,060 

6 stems 

Commelinaceae 

3.000 

1,160* 


Juncaceae 

.015 

5.300 


.012 

17,080 


Liliaceae 

•775 

86 


Iridaceae 

.600 

Urticaceae 

-105 

26,600% 


1.300 

1,120 
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Table i — {Continued) 


Species 


Wt. 1000 Seeds 
(grams) 


Polygonaceae 


Polygonum aviculare L .675 

Polygonum convolvulus L 7.000 

Polygonum erectum L 2.125 

Polygonum hydropiper L i .650 

Polygonum lapathifolium L i . 550 

Polygonum pennsylvanicum L 3.600 

Polygonum persicaria L i .775 

Polygonum ramosissimum Michx ..... 4.150 

Polygonum virginianum L 5-300 

Rumex acetosella L ,525 

Rumex crispus L i .400 

Rumex mexicanus Meisn i .075 

Rumex occidentalis Wats 800 

Rumex persicarioides L .150 


Chenopodiaceae 


A triplex argentea Nutt 7 . 500 

Atriplex hastata L .500 

A triplex patula L 2.150 

Atriplex rosea L 3.000 

Atriplex rosea 1.400 

Axyris amaranthoides L i.ioo 

Chenopodium album h .700 

Chenopodium herlandieri Moq .610 

Chenopodium gigantospermum Aellen 

(C. hybridum of Am. auth.) i.ooo 

Chenopodium leptophyllum Nutt .380 

Chenopodium standleyanum Aellen (C. 

boscianum in part) .700 

Chenopodium rubrum L .060 

Corispermum emarginatum Rydb i .900 

Corispermum nitidum Kit 1.300 

Corispermum villosum Rydb. 1*325 

Cycloloma atriplicifolium (Spreng.) 

Coult 1.650 

Cycloloma atriplicifolium i . 500 

Kochia scoparia (L.) Schrad 850 

Monolepis nuttalliana (R. & S.) Wats. . .330 

Salsola tragus L X .675 


Amaranthus blitoides Wats 
Amaranthus graecizans L. . 
Amaranthus retroflexus L . . 
Acnida tuber culata Moq. . . 


Allionia nyctaginea Michx 


Amaranthaceae 

.950 

.230 

.380 

.190 

Nyctaginaceae 
• 6.350 


Saponaria officinalis L . . . . , 

Silene antirrhina L 

Silene fabaria Sibth. & Sm 

Silene noctifiora L 

Vaccaria vulgaris Host . . . . 


Caryophyllaceae 
• • L375 

.100 
.400 
.850 
8.800 

Portulacaceae 


Total 

Number 


Remarks 


6,380* 

Large plant 

11,900 

Large plant 

1,360* 


3,300 


19,300 


3,140* 

Minn. 

1,550* 


1,500 


i 89 t 

Pa. 

250 t 

Pa. 

29,500 


13,000 


23,000 


98,250 


4,300 

Inch bracts 

13,760* 


16,460 


12,830 

Inch bracts 

— 

Without bracts 

11,640 


72,450 


40,800* 


27,500 


21,500* 


1,900* 


176,300 


I, no* 


1,800* 


26,800 

Fruits 

18,000 

Seeds 

14,600 


7,900 


24,700 


14,600* 


129,000* 


117,400* 


35,000 


560* 


1,950 

Mich., 7 stems 

14,200 


6,100* 


1,800 

Small plant 

4,300 

Large plant 


Portulaca oleracea L 


52,300 
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Table i — {Continued) 


Species 

Wt. 1000 Seeds 
(grams) 

Total 

Number 

Remarks 


Ranunculaceae 



Anemone canadensis L 

3-250 

I57t 

4 or 5 fls. 

Thalictrum dioicum L 

2.500 

i,3oot 



Brassicaceae 



Arabis hirsuta (L.) Scop 

.060 

11,250 


Berteroa incana (L.) DC 

.450 

2,530 


Brassica arvensis (L.) Kuntze 

1 .900 

2,700 


Brassica juncea (L.) Cosson 

2.625 

4,950 


Brassica nigra (L.) Koch 

1.700 

13,400 


Bursa bursa-pastoris (L.) Britton. . . . 

.096 

38, 500*- 1 


Cakile edentulata (Bigel.) Hook 

, . 34-850 

950 

Entire pods; Ind. 

Cakile edentulata 

6.350 


Seeds 

Camelina dentata Pers 

2.650 

1,970 


Camelina microcarpa Andrz 

-275 

2,100 


Camelina saliva (L.) Crantz 

1. 000 

1,640 


Conringia orientalis (L.) Dumort . . . 

2.150 

3,800 


Erysimum asperum DC ... 

.450 

1,075 


Erysimum cheiranthoides L 

.125 

30,500 


Erysimum parvifiorum Nutt 

.180 

4,600 


Erucastrum pollichii Schimp. & Spenn . . .410 

8,480* 


Hesperis matronalis L 

2.025 

5,000 


Lepidium densiflorum Schrad 

.250 

6,000 


Lepidium ramosissimum A. Nels. . . . 

.220 

2,680 


Neslia paniculata (L.) Desv 

3.050 

490 

Pods 

Sisymbrium altissimum L 

.175 

80,400* 


Sophia hartwegiana (Fourn.) Greene 

.080 

12,375 


Sophia intermedia Rydb 

.130 

5,700* 


So~phia parviflora (L.) Standi 

.120 

75,650 


Thelypodium integrifolhim (N utt . ) Endl . .320 

12,200 


Thlaspi arvense L 

-785 

7,040 



Capparidaceae 



Cleome serrulata Pursh 

6.150 

8,330* 


Polanisia graveolens Raf 

. . 3-050 

2,800 



Penthoraceae 



Penthorum sedoides L 

.010 

320,000 



Rosaceae 



Drymocallis arguta (Pursh) Rydb 

.160 

15,150 


Geum canadense Jacq 

1.700 

2,240t 


Potentilla millegrana Engelm 

.040 

50,000 


Potentilla monspeliensis L 

.130 

48,600 


Potentilla paradoxa Nutt 

.120 

22,500 


Potentilla recta L 

.200 

12,500 

N. Y. 

Potentilla pennsylmnica strigosa Pursh. .135 

6,380 


Rosa pratincola Greene 

. . 18.500 

i89t 


Spiraea salicifolia L 

.080 

ii5t 



Fabaceae 



Astragalus crassicarpus Nutt. ...... 

3.100 

1,600 


Astragalus flexuosus Dougl 

1-350 

3,040 


Glycyrrhiza lepidota (Nutt.) Pursh . . 

8.620 

i85t 


Hosackia americana (Nutt.) Piper. . 

6,000 

66 * 


Meibomia canadensis (L.) Kuntze . . . 

6.200 

133 

Many weeviled 

Medicago lupulina L 

1.200 

2,350 


Medicago sativa L . . 

1.850 

5,320 
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Table i — {Continued) 


Species 


Wt. 1000 Seeds Total „ 

(grams) Number Kemarks 



Oxytropis lamhertii Pursh 

Petalostemon purpureum (Vent.) I 

Petalostemon villosum Nutt 

Vida angustifolia (L.) Reichard . 


Oxalis cymosa Small . 
Oxalis stricta L 


Linum lewisii Pursh , 


Linum usitatissimum L. 


Euphorbia humistrata Engelm . 


Malva borealis Wallm . 
Malva borealis 


Ludwigia alternifolia L . 
Oenothera biennis L . . . . 


2.000 

14,235 

5 stems 

•87s 

1,200 

). 1.300 

700* 


. 1.950 

1,015* 


. 18.200 

150 


Oxalidaceae 

•237 

570* 


.150 

570* 


Linaceae 

. 1.075 

370* 


.700 

215* 

(Infertile 

.300 

210 


— 

300 


Euphorbiaceae 

.670 

105 

Pa. 

. 3.500 

I 40 t 


.560 

1,720* 

Minn, 

.300 

2,670*, t 


.240 

14,100 

Minn. 

Malvaceae 

1.300 

47>500 


2.025 

— 

Carpels 

Onagraceae 

.0285 

n,5oot 

Pa. 

•330 

118,500 



Apiaceae (mericarps) 
1.450 


Cicuta maculata L 

Sanicula marylandica L * 7*700 

Sium cicutaefolium Schrank ' .600 

Washingtonia longistylis (Torr.) Britton 12.000 

Ztzta cordata (Walt.) DC 1.725 


5,500 

no 

14,580 

2,425 

3,130 



2,700 3 pods 

i,i6ot 

77oJ 4 pods 

5 ot 


ibjOOOf 

1.000 Pa.; I host stalk 

7.000 


Gentiana procera Holm 

Apocynum hypericifolium Ait 

A sclepias syriaca L 

Convolvulus repens L 

Cuscuta arvensis Beyr 

Cuscuta cephalanthi Engelm. . 
Cuscuta coryli Engelm 

Collomia linearis Nutt 


Gentianaceae 

.050 

Apocynaceae 

.700 

Asclepiadaceae 

4.200 

Convolvulaceae 
. 30.400 

Cuscutaceae 

•775 
. 1.250 

. 2.250 

Polemoniaceae 

•750 
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Table i — {Continued) 


Species 


Macrocalyx nyctelea (L.) Kuntze . 


Lappula echmata Gilibert ..... 
Onosmodium occidentale Mack. 


Verbena bracteosa Michx. 
Verbena hastata L ...... . 

Verbena stricta Vent .... 

Verbena urticifolia L . . . . 


Dracocephalum parmflorum Nutt. 

Hedeoma hispida Pursh 

Koellia flexuosa (Walt.) Mac M . 

Leonurus cardiaca L 

Lycopus americanus Muhl , 

Lycopus lucidus Turcz 

Mentha ca 7 tade?isis L 

Monarda fistulosa L 

Nepeta cataria L 

Prunella vulgaris L 

Scutellaria lateriflora L 

Stachys palustris L 

Teucrium canadense L 


Solanum rostratum Dunal. 
Solanum triflorum Nutt . . 


Castilleja sessiliflora Pursh . . 

Gratiola virginiana L 

Ilysanthes dubia (L.) Barnh. 

Linaria vulgaris Hill 

Mimulus ringens L 

Orthocarpus luteus Nutt . ... 
Scrophularia leporella Bickn . 

Verhascum thapsus L 

Veronica peregrina L 


Plantago major L 

Plantago purshii R. <& S . 


Wt. 1000 Seeds 
(grams) 


Total 

Number 


Remarks 


Hydrophyllaceae 


6.150 

i,07o*'t 


Boraginaceae (nutlets) 


b... 2.425 

3,820 


1.350 

2,120* 


.... 14.100 

1,030 


Verbenaceae (nutlets) 


500 

10,620 


320 

20,000 


850 

3,800 


475 

10,740 


Lamiaceae (nutlets) 


2.625 

49,600 

Large plant 

270 

6,500 


080 

2,250{ 

16.340 

Pa. 

775 


150 

34>56o 


500 

6OOI 


100 

5,500% 


320 

767 

Many wee vi led 

500 

46,940 


600 

335 

Pa.; 4 spikes 

. . . . .400 

900 Pa. 


775 

64$ 


. ... 1.750 

i6ot 

Pa. 

700 

9oot 

(Large?) 

Solanaceae 

. . . . 2.300 

8,460* 


1. 150 

5,775 


. . . . .600 

750 


Scro ph ul ariaceae 

.100 

4,300 


.oil 

46,300* 


.0033 

. 


.140 

2,280 

Pa.; 9 stems 

.010 

301,500 

.130 

1,150 


.140 

11,200 


.090 

223,200 


.030 

77,000 


Plantaginaceae 

.200 

36,150 


.750 

1,160 


.700 

5,000 


Rubiaceae 

. 600 

1,300 


Caprifoliaceae 

5.850 

I, loot 
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Table i — {Continued) 


Species W^t. 1000 Seeds Total 

(grams) Number 


Ambrosia artemisiaefolia L 

Ambrosia trifida L. " 

Iva axillaris Pursh 


Ambrosiaceae 
■ 3.950 

17.400 
2.800 


Iva xanthiifolia Nutt . . . 
Xanthium italicum Mor 
Xanthium italicum 


1.200 

38.000 

200.000 


Achillea millefolium L 

Arctium minus Bernh 

Artemisia biennis Willd 

Artemisia caudata Michx * . 

Bidens acuta (Wieg.) Britton ! ! 

Bidens frondosa L 

Bidens vulgata Greene 

Boltonia asteroides (L.) L’Her. . . ' . 
Brauneria angustifolia (DC.) Helier . 

Chrysanthemum leucanthemum L 

Cirsium arvense (L.) Scop 

Cirsium megacephalum (Gray) Cockereil 

Coreopsis tinctoria Nutt 

Eupatorium perfoliatum L 

Mndelia squarrosa (Pursh) Dunal! .' . 

Helenium montanum Nutt 

Helenium montanum ' 

Helianthus annuus L * * 

Helianthus maximiliani Schrad 

Helianthus petiolaris Nutt ! * ' ' 

Helianthus tuherosus L 

Heliopsis scabra Dunal 

Matricaria suaveolens (Piirsh) Buchenau 
Ratibidacolumnaris (Sims) D. Don. 

Rudbeckia hirta L 

Rudbeckia laciniata L 

Sideranthus spinulosus (Nutt.) Sweet . ! 

Sideranthus spinulosus 

Solidago rigida L 

Verbesina alternifolia (L.) Britton ! . ! . ' 


Asteraceae 

.400 

7.500 

•075 

.100 

1.720 

3.500 

5.100 
.220 

2.500 
.220 

1*575 

8.450 

.090 

.170 

.600 

.310 

.220 

6.575 

2.225 

2.100 
6.000 
3.900 

.130 

.440 

.260 

1.800 

•550 

.400 

•450 

3,600 


3,380* 

1,650* 

i65t 

82,150 

650 

440 


2I0t 

31.600 
1,075,000 

215,000* 

1,550 

7,000 

1,940 

10,000* 

510 

68o*'t 

iigt 

S.150 

37,000 

29,700 

17,710 

7,200*>t 

2.600 
3,85o*’t 

47 t 

2,300 

850* 

7,000 

1,615 

510* 


3,29ot 

480 


Lactuca scariola L . 
Sonchus arvensis L 


Cichoriaceae 

.450 

.380 


* Many immature seeds also present, 
t Many seeds shattered. 
i Yield of one main stem. 


27,900 

9,75ot 


Remarks 


(50%) 

(40% weeviled) 

Estimated 

Burs 


Many weeviled 


Pa.; 3 heads 
Relatively good 
Pa. 

Many weeviled 
FIs. mostly attached 
FIs. removed 

4 stems 

Many infertile 
Many weeviled 


Many weeviled 
(Infertile ?) 

Rubbed 

Rubbed 

Pa. 


Estimated 
62 heads 


tion. ^ Echinochloa in the Poaceae behaves much like Bursa. The data for 

serves ^rr V daily collecting for a 30-day period. The method 

se ves well for many species. The figures given in the table of course show 
0 ily the genei al magnitude of production. I have estimated roughly that they 
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For perennials which spread by roots or rhizomes, a single plant cannot be 
delimited. The product of a single stem or of a unit area appears to be the 
only method of comparison. In most cases I have used the former which is 
fairly satisfactory. For the perennials which grow in clumps I have tried to 
indicate the number of stems present. Table i presents the total number of 
seeds produced by each species and the weights of 1000 seeds calculated from 
200, 500, or 1000 according to size of the seed. 

Discussion 

A personal equation is involved in the selection of an average sized plant, 
but it is believed that this has been reduced to a reasonable minimum. As has 
been suggested in table i, some of the plants which have been secured were 
not quite as desired. Other collections yielding results similar to those quoted, 
were made of Amarantlms retroflexus, Arabis hirsuta, Euphorbia serpyllifolia, 
Ambrosia trifida, Helianthus tuberosus, and Rudheckia hirta. Considerable 
variation in weight was found in some of the larger seeded species, two other 
plants of Vaccaria giving results of 6.66 and 7.50 g. per 1000 seeds. Am- 
brosia trifida was found to have fruits of distinctive shape on different plants 
and they varied in weight from 17.40 to 33.40 g. Insects and disease reduce 
seed production of many species. GrindeUa, Helianthus, Rudbeckia, Arctium, 
Cirsium, Iva axillaris, and Meibomia were badly weeviled. One plant of 
Eragrostis cilianensis was found to be smutted and Riimex mexicanus pro- 
duces very few fruits as a rule. 

If one inquires what class or group of plants produced the largest numbers 
of seeds, the data presented in this paper may be summarized as follows : 

Table 2. Numbers of Seeds Produced by Various Groups 


Groups Annuals Perennials* Biennials 


Poaceae ( 10 spp.) 17,891 ( 9 spp.) 11,640 (no species) 

Polygonaceae ( 8 spp.) 17,945 ( 3 spp.) 21,883 (no species) 

Chenopodiaceae ( 17 spp.) 27,500 ( o spp.) — (no species) 

Brassicaceae ( 17 spp.) 15,717 ( o spp.) — (8 spp.) 8,727 

Asteraceae ( 8 spp.) 3,816 ( 6 spp.) 10,833 ( 5 spp.) 266,263 

All species. (loi spp.) 20,832 (61 spp.) 16,629 (21 spp.) 85,500 


* Excluding those which spread freely underground. 

These results show a remarkable similarity for the three growth groups 
and the five chief families. If we omit the two species of Artemisia, the aver- 
ages for the biennial Asteraceae and for all biennials become 13,772 and 
26,600, respectively. This would leave biennials distinctly in the lead and 
annuals slightly ahead of perennials. This seems more logical than the aver- 
ages found by Stone (s) from a smaller number of species in which the 
proportions were approximately 1-3-8 for perennials, biennials, and annuals, 
respectively. 
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Such attempts at generalization seem not esi>ecially useful. Perhaos it 
woud be better to place all species in a few groups such as: 1000 seeds or 
ess, 23 species; rooo to^ 10,000, 86 sitecies; 10,000 to 50,000, 56 species- 
50,000 to 100,000, 9 species; above 100,000, 9 species. ' 

It appears that few species produce more than roo,ooo seeds per plant 
le biennials have rather more than their share with Artemisia, Oenothera 
and V eroascum. ’ 

Korsmo (2) has published seed production data for the common weeds of 
Europe. In a letter to the writer he states that these represented avera-e 
plants growing among crop plants. It has seemed more to the point to deter- 
mine the number which are produced under normal conditions without compe- 
tition. A few weed plants often remain in a field which has been tilled to 
destioy weeds. In such a case the degree of success of the cultivation is de- 
teimined largely by the seed production of these few plants which survive 
btone _(s) has given results on a number of species, and in reply to an inquiry 
regal ding the method used, he writes that the average was taken of the sLll- 
est, of an average sized, and of the largest plant found. However, the num- 

mTprhfbd? approach zero, so that figure 

g isregarded. Ihe ratio of the average of the numbers found by 
o smo by the writer, and by Stone from eight species which occur in ah 

three lists is approximately 1-14-192. 

P- evidently related to the number produced. The 

highest total weight per plant was Arctium with 237 grams. Size appears 
rather more variable within families than might have been expected. PoLeae 

Sfed^SrS'a'f Polygonaceae have medium 

^zed seeds but a few species have fairly large and a few quite small ones 

he seeds of many Brassicaceae are very small, but those of others are fairly 

Zt\ ^ '^ide range. The Scrophulariaceae are noted for 

w^ld Jr a considerable range is shown in the few listed and it 

would be increased by others such as Pentstemon. 

ThelerrfofT^^' of die plant, 

n is orofth. 1 , TT' IT'*'- “ “"e tlie smallest seeded spedes! 

tata Th? of sumval m fields ,hich receive an, sort of annual culti- 

for one or “adsides and fields left unfilled 

lor one or more seasons. 

inoS^modrrr' successful weed. Its seeds are produced 

ZZL i f ’ ; die seedlings grow rapidly 

colZrX , habit takes advantage oI 

theseedlinp-slT^v^f cultivation in the spring grain districts, though 
g e subject to a considerable degree of winter killing. The seeds 
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have no natural means of distribution, hence the plants must have a high de- 
gree of toleration. Often the seedlings appear in such numbers that they are 
unable to make appi"eciable growth. In three different years on square meter 
areas where there were practically pure stands, I counted 342 and 220 plants 
(not counted the third year), which yielded 156,000, 107,400, and 125,000 
seeds, respectively. 

The query may be raised whether the 1000-seed weight does not vary con- 
siderably with individual plants. Some data were given in the notes follow- 
ing table I which indicate such variation in some of the larger seeded species. 
For the majority I believe the variation would not be much larger in mass 
collections than in individual plants. Comparison of the weights in table i 
with those published by Korsmo (2), by Pammel and King (4), and by the 
Ottawa Laboratory (3) show considerable variation, the weights given by 
Korsmo running distinctly higher (table 3). 


Table 3. Weight of 1000 Seeds as Found by Korsmo, Pammel and King, Ottawa Laboratory, 

and Stevens 


Species 

Weight in 

Grams of 1000 Seeds as Found by: 

Korsmo 

Pammel 

Ottawa 

Stevens 

Avenafatua 

22.500 

22.220 

21.240 

17.500 

Chaetochloa glauca 

3-100 

1 .280* 

2.235 

4.200 

Chaetochloa viridis 

— 

.469 

1.148 

1.475 

EchinocMoa crusgalli 

1.500 

.720* 

1-175 

1.400 

Panicum capillar e 

...... — 

.380 

•349 

.650 

Syntherisma sanguinalis 

— 

.270 

.325 

•575 

Polygonum aviculare 

2.700 

— 

I.OOO 

-675 

Polygonum convolvulus 

5-000 

4.650 

5.182 

7.000 

Polygonum hydropiper 

2.500 

1. 100 

2.250 

1.650 

Polygonum lapathifolium 

3.600 

1-570 

.800 

1-550 

Polygonum persicaria 

...... 2.700 

1.400 

I.I77 

1.775 

Rumex acetosella 

300 

5 -ooot 

•450 

•525 

Rumex crispus 

1 .400 

1.370 

1.400 

1.400 

Chenopodium album 

I.I5O 

.690 

.701 

.700 

A maranthus retroflexus 



•370 

•439 

.380 

Silene nocti flora 

...... 

I.OOO 

.964 

.850 

Vaccaria vulgaris 

...... 

4.380 

5.912 

8.800 

Brassica arvensis 

1.250 

2.020 

2.419 

1.900 

Thlaspi arvense 

1-750 

— 

1 .200 

.735 

Potentilla monspeliensis 


.084 

.100 

.130 

Arctium minus 

II .400 

3.120t 

7.700 

7.500 

Chrysanthemum leucanthemum 

450 

— 

.295 

.220 

Cirsium arvense . 

I.I5O 

1-130 

.900 

1.575 

Sonchus arvensis 

500 

— 

.485 

.380 


* Probably immature. 

t Doubtless a misprint for .500. 

i Given as Arctium lappa, but surely A. minus. 


For a few of the European plants, e.g., Polygonum aviadare and Cheno- 
podium album, there may be a question what European raceywas considered. 
I am unable to account, however, for the high weights reported for Polygonum 
lapathifolium, P. per sicaria, and Thlaspi arvense or for the low one of Brassica 
arvensis. The degree of maturity and of threshing and cleaning probably is 
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responsible for a large part of the differences. Chaetochloa glauca should be 
noted especially. The Canadian records were from old seed at least in part, 
but this should not affect the results materially. The Iowa records were stated 
to be ; ‘‘ so far as possible, seeds of average size and fresh condition.” 

Weed seeds taken from samples of cleaned crop seed may vary somewhat 
due to selection in cleaning according to the size of the crop seeds in which 
they occur. I had collected some data from this source (i) and had noted 
that Chctcfochlod viTidis taken from red clover weighed 1.093 g^^s.ms per 1000 
seeds, but 1.238 grams when taken from millet. Similarly Rumex acetosella 
weighed .408 and .691 grams per 1000 seeds when taken from alsike and red 
clover, respectively. 

Summary 


This paper presents data upon the seed production of common weeds and 
other plants with particular regard to selection of specimens and cleaning of 
seed to a definite plan. Comparison of results with those found by other 
workers and consideration of conditions presented by various species has sug- 
gested some explanations for differences in results. A suggestion for further 
studies is that they might be in the nature of comprehensive investigations of 
the seed habits of particular species. 



The matenal of species marked Pa.” in table i was collected by Mrs. 
Salome C. Miller near Harrisburg, Pennsylvania. A few specimens received 
from various localities in North Dakota for identification were used. Ac- 
knowledgment is made also to Prof. Emil Korsmo of Oslo, Norway, for in- 
formation and assistance; to Mr. G. A. Elliott of the Ottawa LalDoratory for 
checking a number of results quoted in table 3 ; to Prof. A. L. Stone of the 
University of Wisconsin for information relating to data, and to Dr. Herbert 
C. Hanson for suggestions in preparation of the manuscript. 

North Dakota Agricultural College. 

Fargo, North Dakota 
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The studies rejxorted in this paper were undertaken to clear up some of 
the conflicting- data on the reproductive processes in cotton, especially the 
development of the female gametophyte and early stages in the embryo. 

Guignard (6), in his early work on double fertilization, included in his 
studies two species of the family Malvaceae. He described the mature fe- 
male gametophyte, pollen tube growth, and fertilization in Hibiscus trionum 
and Althaea rosea. He has reported the following characteristics for Hibiscus 
and Althaea which are also common in Gossyphtm: a well developed nucellus, 
early disappearance of the antipodals, late fusion of the polar nuclei, the per- 
sistent synergids, and the formation of several endosperm cells before the 
division of the zygote. He also reports in Hibiscus extensive branching of 
the pollen tube after its entrance into the nucellus as well as the development 
of several tubes from one pollen grain. 

Balls (i) has described the development of the floral organs, the embryo 
sac, the microspore, and fertilization in cotton. He also described the early 
stages of the embryo and early growth of lint hairs. His studies were made 
on plants grown from commercial Mit-Afifi seed, a variety of Egyptian cotton 
placed under G. barbadense. He reports the functioning of the micropylar 
megaspore in the development of the female gametophyte and the lack of a 
suspensor in the embryo in this species. 

Denham (4) has studied the reduction divisions in a variety of Sea Island 
cotton (Gossypium barbadense L.). His conclusions are that reduction di- 
vision takes place along normal telosynaptic lines. He also gives the struc- 
ture of the mature microspore. In the second paper of this series, Denham 
(4) reports the chromosome number of thirty-two varieties of cotton includ- 
ing Upland, Sea Island, Egyptian, Indian, and Chinese types. He finds that 
the Old World cottons have thirteen pairs of chromosomes and that the New 
World cottons have twenty-six pairs. This difference in chromosome num- 
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bers, he explains, may account for the difficulty of securing fertile hybrids 
when the New World cottons are crossed with the Old World species. 

_ Beal ( 2 ) made a study of the heterotypic prophases in reduction division 
in microsporogenesis, using material of Sea Island, Pima, and Upland cottons 
He concludes that the heterotypic pairing in cotton is parasynaptic rather than 
telosynaptic and gives the haploid chromosome number as twenty-six for thp 
varieties studied. • 

_ The economic value of cotton, as well as the wide interest in problems of 
Its heredity well warrants a carefpl study of fertilization and closely related 
processes of our most cominon cultivated species. Such information may 
nrow some light on the sterility in hybrids between Pima-Egyptian and Ameri- 
can Upland cottons as well as the failure of attempts to hybridize these cot- 
tons with other related species. 

Materials and Methods 

In neaily all cases material for these studies was obtained from selfed 
strains of these three common species of cotton; Sea Island (Gosmium 

ofthe Delf i^ruvianum Cav.), and Upland ((?. Mrsutum L.) 

T and Mebane varieties. Pima is more often placed with 

Cav ■’ ■* " 

vanes weie dissected from the floral structures and embedded. Cross sec- 

rh^'fhle fr% The buds from 

each of the fiuiting branches on a plant were collected and numbered with 

e eience 0 their position on the plant; this was done to compare the relative 

of dovdopment, and secure doser stages in developn,™ 

tbp a s ucy 0 ertilization, collection of ovules was begun at 8 A M of 

the day of flowering and continued at hourly intervals for forty-eight hlis 

w presence of mualage material within the tissues of the ovary of cotton 

makes flxation of whole ovaries difficult. By far the best penetration of the 

A shaip scalpel is used to remove the placentas with the attached ovules 

LrmJXd^ttTh-^"^ 

about the ssme . '’7? l>» sectioned longitudinally at 

■p • giving most satisfactory results were Licent’s and 

or°cSoroform “Se'f r' “ either xylol 

and stel^ed in a PnrJ f ^-15 microns in thickness 

iron-alum haematoyhn ” ” Heid.nhain’s 
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The Ovule 

The ovules arise on the edges of the ingrown carpels as rounded masses of 
meristematic cells. The edge of the carpel becomes the placenta from which 
the ovules project; their funiculi appear rather long and massive at first in 
proportion to the size of the ovule primordia (PI. LIV, fig. 2). The ovule 
curves backward and downward in its growth, producing a regular anatro|X)US 
ovule. This curvature is completed by the time the megaspore mother cell is 
ready for its first meiotic division (fig. 4). The outer integument ap]_>ears 
first, or about the time the inner integument ap]^>ears, both growing over and 
around and practically covering the nucellus by the time of the first division 
of the megaspore mother cell. The outer integument grows somewhat faster 
than the inner integument and at the time tetrads are visible, surrounds the 
nucellus. The inner integument does not cover the nucellus at this stage. 
However this is quite variable in the different species. Figures 2, 4, and 9 
show various stages of ovule development. 

The inner integument of the ovule at the time of flowering consists of 
from ten to twelve layers of cells. The outer integument has a smaller num- 
ber of layers of cells, usually from six to eight. One of these layers is of un- 
usual importance and has for years been the subject of numerous investiga- 
tions. This layer is the epidermis of the ovule, and it is important because it 
gives rise to the lint hairs. The difi'erentiation of epidermal cells into lint 
hairs begins early on the morning of flowering; in fact elongation of some 
cells is noticeable at 8 A.M. Moreover in the early stages the initiation of 
lint development does not depend on pollination or fertilization because it 
begins about the time of the opening of the flower or shortly before. 

Recent accounts of the early stages of this process have been contributed 
by Singh (8) and Farr (5) who report that the epidermis of the ovule con- 
tinues to give rise to lint hairs for several days after flowering. It suffices 
here to say that Farr (5) includes a full review of the literature pertaining to 
lint development. 


Comparison of Stages of Development 

During the progress of this work it was found advisable to compare the 
stages of development of each bud on a plant. The fruiting habit of the 
gmns Gossypium pTOYides for the continuous formation of fruit branches 
and fruit buds throughout the cotton-growing season. Thus on a young fruit- 
ing branch are found the primordia of two or more flower buds which show 
various stages of development. As a result of this method of floi'al develop- 
ment the period of time required for flower primordia to develop into flowers 
is fairly constant. 

Owing to various climatic factors the normal flowering sequence may be 
interfered with and, as often happens, the flow^ers do not open in the regular 
order of position as expected. Generally the difference in flowering dates 
between successive floral buds on the same fruiting branch is about six days 
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in Upland cotton. Approximately three days elapse between the opening- of 
the first flower on one fruiting branch and the first flower on the next fruhinp- 
branch above. ^ 

This indicates that a similai relationship should exist in the development 
of the internal parts. All the buds from the plant were removed and labeled 
with the fruiting branch number and their position on the fruiting branch. 
When these buds were collected six fruiting branches were present on the 
plant. The results of these studies may be conveniently summarized as 
follows; 

Fruiting Branc.h I 

Bud I. Taken day of bloom. Mature embryo sac; antipodals not present; beginnincr of 
lint. 

Bud 2. Eight-celled embryo sac not completely organized. 

Bud 3. Shows large megaspore mother cell. 

Bud 4. Ovule primordia ; beginning of integuments ; archesporial cells present. 

Bud 5. Carpel primordia present. 

Fruiting Branch II 

Bud I. Eight-nucleate female gametophyte, partially organized; antipodals still present, 
•bud 2. Two-nucleate female gametophyte, tetrad of megaspores, and in some ovules 
abortion of three megaspores. 

Bud 3. Young megaspore mother cell present. 

Bud 4. Ovule primordia present; fusion of carpel walls beginning. 

Bud 5. Primordia of carpels present. 

Fruiting Branch III 

Bud I. Eight-nucleate female gametophyte, not completely organized, polar nuclei mi- 
grating toward center. 

Bud 2. Megaspore mother cell .and tetrad of megaspores. 

Fruiting Branch IV 
Bud I. Four-nucleate gametophyte. 

Bud 2. Megaspore mother cell, young. 

Fruiting Branch V 

Bud I. Megaspore mother cell. 

Fruiting Branch VI 

Bud I, Young ovule showing sporogenous cells, origin of integuments. 

As a result of these studies one can predict with reasonable certainty the 
stage of development of the female gametophyte or other organs of a bud col- 
lected next to an open flower, as well as the second, third, and fourth bud 
from this flower on the same fruiting branch. 

The Archesporium 

The development of the archesporial cell in cotton, in so far as has been 
observed, proceeds as in other dicotyledons. It has its origin from a suh- 
epidermal cell of the nucellus and arises before the differentiation of the 
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integuments. From its division a primary parietal cell and a primary sporo- 
genous cell are formed (fig. i). The integuments aidse while the sporogenous 
cell is very young. While this sporogenous cell increases in size and becomes 
the megaspore mother cell, the primai'y parietal cell divides many times. The 
other cells of the nticellus also divide periclinally and anticlinally, thus em- 
bedding the megaspore mother cell in several layers of nucellar tissue. The 
mature megaspore mother cell is somewhat elongated and lies quite near the 
chalazal end (figs. 3 and 4). 

Development of the Female Gametophyte 

The megaspore mother cell which has been derived from the sporogenous 
cell now, by two meiotic divisions, produces a group of four megaspores. 
As is the general rule in angiosperms the three micropylar megaspores dis- 
integrate very early, leaving the chalazal member of the tetrad to develop 
into the female gametophyte (fig. 5). Balls (i) reported the functioning 
of the micropylar megaspore, stating that the three chalazal members were 
the aborting ones; but this is quite uncommon and occurs in very few 
plants (3). This functioning of the chalazal megaspore was seen many 
times in all three groups of cotton studied, and there seems to be no evi- 
dence that any other member of the tetrad ever functions. From these 
observations, it is apparent that Balls mistook some slightly enlarged nucellar 
cells for aborting megaspores. 

The functional chalazal megaspore now enlarges rapidly and may divide 
once before complete disintegration of the micropylar members (fig. 6). 
From this first division two nuclei result which may be termed the primary 
antipodal and the primary micropylar nuclei. These nuclei move apart 
and a lai*ge vacuole forms between them. The nuclei divide, forming two 
nuclei at each end of the sac. The two antipodal nuclei lie in the plane of 
the long axis of the embryo sac, while the micropylar members are transverse 
(fig. 7). The continued elongation of the embryo sac followed by increased 
vacuolation, proceeds on through the four-nucleate stage. When the eight- 
nucleate stage is reached, we find a rather long narrow gametophyte with a 
large vacuole and with the two groups of four nuclei at each end. The ad- 
jacent nucellar tissues undergo considerable disintegration during the develop- 
ment of the embryo sac. It has also been observed that the tissues of the 
nucellus and the integuments of the ovule remain meristematic for some 
time. The inner integument continues to increase in number of cells after 
fertilization, and during the development of the embryo builds up a mass of 
parenchyma several cells in thickness. The eight-nucleate structure, as in 
most dicotyledons, becomes organized into the mature female gametophyte 
:(fig.'.8),. ... 

Mature Female Gametophyte 

As previously stated, the female gametophyte of all three species of cot- 
ton studied is ordinarily regular. The antipodals are present nearly one 
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week_ before flowering, but on the day of flowering all traces of antipodal 
nuclei have disappeared from the ovule. However, this is not unusual since 
ephemeral antipodals are found in a number of plants (3). The embrvo 
sac lengthens somewhat and becomes slightly more vacuolate between the 
time of organization and the time of flowering. What follows is an account 
0 the embryo sac that is found on the day of opening of the flower Very 
ittle variation has been noted in the structure of the mature embryo sacs of 
the different species examined. The description given here is taken from 
Upland cotton of the Delfos variety and is typical of the others. 

Sections made from ovules taken at nine o’clock of the day of opening 
of ae_ flower show the membranes of the polar nuclei in contact, aL the 
beginning of fusion is evident. The polar nuclei of some of the adiacent 
ovules in the same ovary are not in contact, but apparently migrating An 
iiregulai or jagged mass of cytoplasm is present around the polar nuclei and 

Most of the embryo sac at this time consists of large vacuoles intersoersed 
with threads of cytoplasm. vacuoies mteispeised 

The synergids seem to be pyriform and show a filiform apparatus The 
base of the synergid is rather pointed at the micropylar end (fig. 9). Each 
of the synerpds contains a large vacuole in its end that is farthest removed 
10m the niicropyle. The nuclei of these structures lie near their middle 
and rather close to the edge of the micropylar end of the embryo sac. The 
ynergid cytoplasm is very dense with the exception of the large vacuole 

in ks STaren*' ifs’ ' or pear-shaped with the nucleus 

m Its dista end. In size it is as large as or larger than one of the synergids 

It is usually located between the synergids and lies free from the^ embryo 
c wa except for a basal portion where it seems to be attached The 
nuc eus of the egg is embedded in a scanty mass of cytoplasrand is clJe 
easily distinguished from the synergids and polars by the^shape of the^sur- 

roundmg cytoplasm and by its location. cipe or me sur 

to thl*^ ^i^d narrow, reaching 

to the chalaza on one end with its walls parallel, while there is a laver of 

difficult to determine : it is probable that they have something to do 
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with the conduction of food to the embryo sac, since they join at its chalazal 
end and extend downward a short distance around the nucellus. There is 
no definite tapetal layer as in the anther, though many of the cells along the 
border of the gametophyte stain deeply and appear to be disintegrating. The 
form and orientation of the various parts of the embryo sac as found on the 
day of flowering are shown in figure 9. 

In a few instances two completely organized embryo sacs have been 
found in ovules of IJelfos cotton; tliese were fully developed and lying 
side by side in the nucellus. They were collected on the day of flowering. 
The cavity in the nucellus containing two embryo sacs was considerably 
larger than in ovules containing only one gametophyte. One ovule taken 
seventeen hours after opening of the flower contained two mature embryo 
sacs, the polars in one fusing, the polars of the other separate. The egg 
nuclei and synergids of both embryo sacs were normal. In these cases no 
doubt two megaspore mother cells were present and each developed, though 
in the enormous number of ovules of all varieties examined only one mother 
cell has ever been found in an ovule. It is possible that more than one 
megaspore of the tetrad functioned. So far as is known to the writer this 
condition has not been reported previously for any other Malvaceae. It is 
quite common in other plants (3). Certain features of the cotton ovule, 
especially the large amount of micellar tissue and the massive integuments, 
resemble those of Hibiscus trionum described by Guignard (6). The late 
fusion of the polars is also found in many plants (3). 

Fertilization 

The number of hours between pollination and fertilization in cotton has 
been variously estimated as thirty-six to forty hours (i). This would 
of course vary somewhat under different temperature conditions as well as 
with the different species. Balls (i) found pollen tubes in the ovules and 
zygotes on the afternoon of the second day after pollination in Egyptian 
cotton. 

Kearney (7) excised the styles of Pima cotton at eight hours, ten hours, 
and twelve hours, respectively, after pollination. Cutting off the styles eight 
hours after pollination failed to allow time for the growth of the pollen tubes 
and for the gametes to pass into the ovary; consequently no seed were set. 
But excision of the style ten and twelve hours after pollination did not pre- 
vent fertilization and the setting of a large number of seed. 

According to the present investigations on Del f os material the time of 
the entrance of the pollen tube into the ovule is approximately fifteen hours 
after opening of the flower. This was not determined for Pima or Sea 
Island. 

The styles of the three to five carpels are normally undiverged, but the 
stigmas are more or less distinct. The stigmatic surface is covered with 
a thick coating of long, somewhat pointed unicellular hairs. Microchemical 
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tests show the presence of many starch grains, and also show the tissues of 
the stigmas and styles to abound in starch at the time of flowering. Resin 
glands similar to those found in the stem, leaves, and other parts of the cot 
ton p ant are touiid in the tissues of the style. Well developed stomata are 
found 111 the epidermis of the style. 

Many pollen tubes have been seen in the softer tissues between the vascu- 
ar strands which traverse the style and stigma. The pollen tube appeared 
to be filled with a granular substance which stained with safranin, or^when 
tieated with IKI m chloral hydrate left no doubt of the presence of an 
abundance of starch. Inside the ovary pollen tubes were observed alon. 
he placenta and growing within the tissues of the placenta, indicating that 
the pollen tubes grow into the ovary through the placenta and on reachin<^ 
the base of an ovule curve over and travel up the funiculus on the side next 
to the ovaiy wall where the micropyle of the ovule is directed. The nla- 
centa ancl funiculus are covered with a glandular layer which may secrete a 
nutrient fluid and thus facilitate the passage of the pollen tube toL iJcro! 

intemstinr' A micropyle and the nucellus is 

orifice, m' f micropyle of the ovule consists of two 

oiifices passing between the two integuments. Where these two orifices do 

not coincide, as is usually the case, the pollen tube takes a zigaarcourse 

tirfwr' branching mwardly and going for a short distance between 
the two integuments. In other cases the openings coincide, but are at a 
slight angle to the long axis of the ovule. The opening thrmigR the outer 
integument is much the larger and somewhat flaring or funnel form tZ 

digests from two to four layers of micellar tissue. The exact path is vari- 
able, sometimes after piercing the nucellus it follows, in a straight line to 
the embryo sac, while in other cases the tube may take the easR^course 
going for a distance between the inner integument and the nucellus (fia 10)’ 

Bait 

tubes reported by oSard 16 0-1/7 7 *^“*^\branching of pollen 

the cottons studild. ^ Hibiscus has not been seen in any of 

in Tr described by Balls in the nucellus was not observed 

The tube tlarSs Lo Tirn' disintegrating cells were evident. 

shows the entrance of the nn"l 1 ^ 

of the synerl ds and eJ! “*^^0 sac and the position 

sjnergids and egg nucleus at this time. One synergid is usually de- 
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stroyecl; the other synergic! remains unharmed and persists for several days 
afterwards. 

At the time of fertilization the position of the polar nuclei in reference 
to the egg varies slightly. In some cases the fusing polars surrounded by a 
mass of cytoplasm join the cytoplasm of the egg and synergicls, while in 
other cases they are some distance away. The question whether there is a 
migration of the primary endosperm nucleus before the first division is some- 
what doubtful and may be more related to the position of the polars at time 
of fusion than to any migration of nuclei. This variable position of polars 
has been seen both before and after fusion. There is some likelihood of 
distortion through fixative agents, which again must be considered in inter- 
preting the position of these nuclei. 

Since considerable variation is evidenced among the different ovules as 
to the time of fertilization, material collected twenty-six to thirty-two hours 
after opening of the flower provided excellent stages in fusion. Upland was 
at first studied more extensively, but several significant stages in Pima were 
also obtained. 

The male nucleus, which is somewhat smaller than the egg nucleus, conies 
in contact with the nuclear membrane of the egg. Then the nuclear mem- 
brane disappears from between the two. At the time of fusion, as shown 
in Plate LV, figure ii, the somewhat thready chromatin of the nuclei ap- 
pears to be in spireme, with distinct nucleoli. The male nucleus is slightly 
smaller than that of the egg. The appearance of the zygote shortly after 
fusion is shown in figure 12 with the two nucleoli still distinct. Considerably 
more cytoplasm is present around the zygote now than before fertilization, 
so it is easy to tell when fusion has been accomplished. The process of 
triple fusion is described later in connection with the development of the 
endosperm. 

Development of Embryo 

The following description of the early stages in embryo development has 
been taken from material of Mebane and Delfos. The exact time of the first 
division of the zygote was not determined for any of the species studied, 
though ovules from ovaries taken four to five days after flowering yielded 
young embryos in various stages. The first division of the zygote is trans- 
verse and gives rise to two cells of unequal size (fig. 20). The one nearest 
the micropyle may be designated as the suspensor cell. This cell, besides 
being larger, is more vacuolate and a trifle pointed. In a later stage in which 
the embryo contained eight to ten cells, three were quite definitely suspensor 
cells (fig. 21). In still older material a short massive suspensor consisting 
of two layers of cells is present (fig. 25). Balls (i) failed to find a sus- 
pensor in Egyptian cotton. His drawing of the octant stage of the embryo 
of Egyptian cotton was probably made from a section which was cut cross- 
wise of the embryo and therefore would not show the suspensor. The em- 
bryo can be easily distinguished from the suspensor both in early and late 
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stages. The suspensor does not become very large and in older material is 
quite small in comparison with the embryo. The dermatogen of the embryo 
differentiates quite early, and in general the early stages in the embryo of 
cotton resemble those of typical dicotyledons. 

Development of Endosperm 

The way in which triple fusion is accomplished in Delfos shows some 
variability. The fusion of the polar nuclei has been seen in material taken 
a few hours after the opening of the flower and several hours before the 
entrance of the male gametes (fig. 26). In still later material this fusion 
IS evidently complete, and when the sperms enter the embryo sac one unites 
with the egg and the other fuses with the already fused polar nuclei (fig. 27). 
Simultaneous fusion of all three nuclei has been seen occasionally in Delfos. 

^ n most of the Pima material triple fusion proceeds as in Upland • that 
IS a fusion nucleus is formed before the inclusion of the male gamete. ’ Sea 
Island was not observed as closely as Pima or Upland, but the stages obtained 
did not seem to differ from Upland. 

In some Pima cotton grown in the greenhouse in the winter, an unusual 
randition was found which has not been observed in Upland or in Sea Island 
One ovule mllected at 8 P.M. of the second day of bloom shows what appears 
to be the simultaneous fusion of the male nucleus with the two polar nuclei 
(fag. 15 h The two polar nuclei and the sperm nucleus are in contact, but 
the nucieai membranes of each are distinct. A common mass of cytoplasm 
surrounds all three nuclei, and the chromatin appears to be in the spLme 
wndition. _ This is exactly what one would expect to find in triple fusion 
However, in another ovule taken from the same locule as the one above two 

“kf Since these two set, were rather d»e 

together and in the same mass of C3doplasm, it is evident that they are the 
result of the division of the three nuclei. ^ 

nunS of endosperm 

L the r ^ore distinct and 

ffiv Ti disappeared from between two of them 

I 'wi ^ ? another ovule from this same locule a slightly later stage 

was found in which three distinct nucleoli were enclosed within the same 
nuclear membrane (fig. 17). The size of the nuclei described abovet 
lathei large. Possibly what happened was that the two polars and the sperm 

this seems to hp P °^'™’ons made on several sections of Pima cotton 
kM warfold i^t^^n P° 7 “^ •"‘^'^P^^tation. No delayed fusion of this 
5 PiZcln 1 -1 1 f Endosperm has been found in ovules 

''1 T This might indicate in these 

embryo aborted D°” 1 ^ did occur the 

r.p3:it 
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In reference to endosperm formation in Egyptian cotton Balls (i) states 
that '' the triple nucleus resulting from the fusion of the second male and 
the two polar nuclei, moves up towards the egg, and on the evening of the 
day following pollination, two free ellipsoid nuclei are found, each with two 
large and one small nucleolus, the latter being certainly derived from the 
male nucleus.” He states further that “these nucleoli retain their individu- 
ality for a few divisions.” He describes the chromosome behavior as most 
irregular. So far as the writer has observed these divisions are quite regu- 
lar in the many mitotic figures of endosperm nuclei observed in both Upland 
and Pima. Soon after fusion the primai'y nucleus divides. Many mitotic 
figures of this first division have been seen, and in Upland cotton this division 
is quite regular, as is shown in figure 13. This first division of the endosperm 
nucleus takes place quite close to the fertilized egg in some cases and farther 
back in the sac in others. The zygote at this stage shows two large nucleoli 
and somewhat thread-like chromatin in its nucleus. The cytoplasm surround- 
ing this nucleus is somewhat the same as noted in other zygotes. After the 
first division of the endosperm nucleus no wall is formed between the resulting 
nuclei, neither is there any evidence of a rudimentary plate in this division. 
The two nuclei move apart some distance before dividing again. 

Division proceeds rapidly, apparently simultaneously, and the newly 
formed nuclei form a single layer of endosperm which lines the embryo sac 
forty-eight hours after flowering. These free nuclear divisions continue 
until the embryo consists of from twenty to twenty-five cells, when wall 
formation in the endosperm occurs. This is brought about by furrowing 
in of the cytoplasm, thus cutting off one or more nuclei in each group (fig. 
19). The endosperm fills the periphery of the embryo sac at this stage. 

The massive endosperm which is developed in cotton is gradually ab- 
sorbed by the growing embryo until at maturity there remains only a thin 
layer, one or two cells in thickness, surrounding the much- folded cotyledons. 

Summary 

1. Studies on the development of the female gametophyte, and early 
stages of embryo development, are reported for Sea Island, Pima, and Up- 
land cottons. 

2. The embryo sac develops from the chalazal megaspore of the tetrad; 
the complete structure is very long and embedded in many layers of nucellus. 

3. The antipodals degenerate early. The polars begin fusing before 
entrance of the male gametes to form a polar fusion nucleus. 

4. The pollen tube enters the ovule fifteen to twenty hours after pollina- 
tion and by digesting its way through the nucellus reaches the embryo sac. 
Slight branching of the tube in the region of the integuments was noted. 

5. Fertilization is completed from twenty-four to thirty hours after open- 
ing of the flower. 
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6. The endosperm in cotton usually results from the fusion of the second 

male gamete with the polar fusion nucleus. Various methods of triple fu- 
sion are reported. ^ 

7 . A massive endosperm is developed only to be resorbed by the growing 

8. The embryo develops a short suspensor. 

Agricultural and Mechanical College of Texas, 

College Station, Texas 
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EXPLANATION OF PLATES 

The following figures were drawn with the aid of an Abbe camera-Iucida under 
apochromatic objectives, compensating oculars, and aplanatic condenser. The apprS 
mate magnifications are given, for each figure. 

Plate LIV 

Fig. I. Primordia of ovule with sporogenous cell. Pima. X 600. 

■ !; ^°"8‘^“dinal section of young ovule showing young integuments and sporo- 

senous cell. Figure i was taken from this section. Pima. X i'’5 

Fig. 3. Megaspore mother cell just before reduction division. Sea Island. X 600. 

Fig. 4. Young ovule from which figure 3 was taken. Sea Island. X 125 

Island 5 600. The three micropylar ones disintegrating. Sea 

X6oa“’ gametophyte. Three aborting megaspores. Upland. 

Fig. 7. Four-nucleate female gametophvte. Upland. X 600 
Fig. 8 Completely organized female gametophyte showing the two synergids 
™deus, polar nuclei, and the antipodals approximately one week before flowLin; Pimt 

Fm rn sectioHof ovule taken on the day of flowering. Upland. X 60. 

nucehut Pi J x”2S integuments and 
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Plate LV 

Fig. II. Union of sperm with egg. Pima. X noo- 

Fig. 12. Zygote showing chromatin material of egg and sperm thirty-three hours 
after flowering. Upland, X noo- 

Fig, 13. Metaphase of first division of primary endosperm nucleus. Upland. 
Xiioo. 

Fig, 14. Four endosperm nuclei in ovule from which figure 12 was taken. Upland. 
X 600. 

Fig. 15. Triple fusion. The nuclear membranes distinct. Pima. X < 5 oo. 

Fig. 16. Two groups of nuclei which are formed by the division of the polars and 

sperm before fusion. Fusion is beginning in one of these groups. Pima. X 600. 

Fig. 17. Endosperm nuclei. Pima. X 600. 

Fig. 18. Elongated endosperm nucleus found in Upland. X 600. 

Fig. 19. Wall formation in endosperm by furrowing. Delfos. X 600. 

Fig. 20. Two~celIed embryo. Delfos. X 600. 

Fig. 21. Eight- to ten-celled embryo, suspensor lightly shaded. Delfos. X 600. 

Fig. 22. Embryo of twenty or more cells. Mebane. X 600. 

Fig. 23. A later stage showing differentiation of dermatogen. Mebane. X 
Fig. 24. Y^'oung embryo showing differentiation of cotyledons. Mebane. X 125. 

Fig. 25. Suspensor and differentiation of root cap. Mebane. X 600. 

Fig. 26. Fusion of the two polar nuclei. Delfos. X 600. 

Fig. 27. Union of sperm with polar fusion nucleus. Upland. X 900- 




58 





SCLEROTINIA WILT OF GREENHOUSE SNAPDRAGONS ■ 

J. J. Taubenhaus and W. N. Ezekiel 
(Received for. publication March 27, 15)32) 

Our a-ttGution was called in October i-o o j* 

dragons grown in a commercial greenhouse at Tempir^TexJ^^ TT 
percent of the plants had been killed, causing a loss c!f about Sn ^ 
owner believed that the trouble was brou<Tht abZ bv tt ^ 

cloudy, and rainy weather then prevailing, which interfered withT 
ventilation of the greenhouse. proper 

The disease was thoroughly distributed in the three beds of the h 
Plants were found in all staaes of infectinn Rn,-i • r 0 - ™ house. 

water-soaked lesions overran bv thin wefts of white In “ 

vidua, branches. those closest t^fc ^o^d 3 JS te*It 

I, a). The shrunken stems were covered xvith rf ramra’ 7 rf^xt Pg. 

ceh-d growth with n^nerons large scTr .? (If , VanTfl "'Tie;"'" 

spread by direct contact of the 'collapsed, infected plants with Idf 

plants, as well as on the surface of the soil Tu f r adjoining normal 

an infested snapdragon bed, 4S Ilefti f ere loteS" f " 

gestf risrLtrf '-o 

tions from infected tissues and from the i - t- Petri drsh isola- 

-S'. sderotionmi. Healthy snapdragon ol^ gelded a growth resembling 
culture and also with c were then inoculated with this 

apothecia Produced under "iXt^fig^teer^l^^^^ respectively, from 

Snapdragon seedlings were planted in linch oots 1^^ f 
house held at about 70° to 7rf F Afmc? ^ 

Series of the Texas Agricultural ExperLnr^^^^^^^^^ No. 208. Technical 

pathoI. 2““ iTps-np;. ^”193'^ ^ Sclerotinia limb blight of figs. Phyto- 
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covered crith bell jars for 48 hours. As summarised i„ table I the in 
ocniated snapdragon plants developed a wilt similar to that observed in the 

gieenhouse irrespective of the various strains nf i 

(.». % P Z The fongttsTsrt:.!;' 

Teat.,. 


Source of Cultures Used as Inoculum 


Number of 
Plants 
Inoculated 


Number of 
Plants 
Killed 


; — — — iviiiea 

onapdragon ^ ' I — ^ — - 

Apothecia under diseased fig trees [’* jq ^9 

Bean i6 

~~ ^ ^ ^ — — ‘ ' ' • • • : : i6 

Young and Morris® in their studies of Sclerotinia will rtf n 
cansrf by itoi.™ include the snapdragontthriisTol 
may be noted that the writers have not found Sclerotinia to attack^ anv^Jilnt^ 
giown in the open m the calcareous .Houston black clay soils typical of At ^ 
tral Texas and predominating in Bell Countv in whirl-, 't i ^ ^ 

though Sd,ro,inia commonly atta L leSi bt^ts 7 ” 

South Te.vas, and hg trees ing SLIt " 

count or the sudden appearance of the disease on greenhouse snapdriv™ 
enha! Texas, unless it was introduced with infested manure or rh c^ ”” 
used in the compost. This seemed a nlnnciW i <^ther refuse 

were collected in fc^TmpMiee^otrirfZug^^^^^^ 

jars, using twelve sclerotia per iar The ' Mason 

tcmireratare, and were 'do Jv 7* 7" «»» 

teen weeks, apothecia After four- 

and from ten sclerotia in another The'^annih ° Mason jars, 

in size and shape with Y sclerotiorum. The SroTa 'in ft ^'Th 
frmn which no apothecia developed were found to t V , f 

greenhouse snapdragon S can be ‘ 1 5 ^“^^s thi 

rotiorum (Lib.) Mass. >^elerred to Sclerotinia scle- 

Sclerotinia wilt of sunflowers. Montana Agr. 

Reporter (Mimeogr4h{d)^Bi PuLrisri^r 
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Summary 

A serious wilt disease was found on fall greenhouse snapdragons in the 
vicinity of Temple, Texas. The disease was artificially reproduced by in- 
oculation with Sclerotvma isolated from the snapdragon and from other hosts, 
and the fungus reisolated. The sclerotia produced apothecia, asci, and asco- 
spores typical of Sclerotinia sclerot4onmi (Lib.) Mass. 

Texas Agricultural Experiment Station, 

College Station, Texas 


the chromosomes of lycopbrsicum pimpinelli 

folium 1 

L. M. Humphrey 

(Received for publication March 29, 1932) 
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pollen mother cell of L. pimpinellifolimn at the same stage. There are twelve 
chromosomes in each half of the cell, this being the haploid number for the 
species. A glance at the figures will show a distinct difference in size be- 
tween the chromosomes of the two species. The chromosomes of L escu- 
lentum had an average diameter of 1.12 microns. Those of L. pimpinelH- 
folmm had an average diameter of 0.77 of a micron. The chromosomes 
are not quite spherical but slightly ovate. For this reason two measure- 
ments were made on each chromosome and the total of 100 measurements 
on so chromosomes used in securing the average in each case. The sizes 

were so constant within each species that more measurements seemed un- 

necessary. 

Comparative measurements were made on the pollen mother cells in 
various stages as well as on mature pollen grains. Except in the case of 
the pollen the sizes were so nearly alike that the slight differences which 
did occur_ were of no significance. Furthermore, the cells varied so much 
m shape in early stages that a true average diameter is difficult to obtain. 

owevei, the measurements of the pollen gave rather striking results. The 
pollen of L. pimpinelhfolmm has an average diameter of 21.6 microns and 
an average volume of 5277 cubic microns when immersed in 45 percent 
acetic acid. That of L. esculentmn has an average diameter of 25.01 mi- 
cions and an average volume of 8191 cubic microns. The size of the pollen 
grains within the species was relatively constant. In L. pimpmellifolium 
the range was from 20.0 to 23.0 with but five out of 100 reaching 23 microns. 
In L esculevtum the range was from 23.5 to 27.0 microns. There was but 
one of each of these extreme diameters in loo grains. 

It is interesting to note that while the chromosome number is the same 
tor the two species, there are significant morphological differences in the 
ciromosomes and pollen grains. Furthermore, the microscopical morpho- 
ogical comparisons parallel the gross morphological characters. The tend- 
ency in each case is toward smallness and fineness in L. pimpinellifolium and 
toward an increase in size and coarseness in L. esculentmn. 

Iowa State College, 

Ames, Iowa 




D- C. Cooper 

(Received for publication April 6, 1932) 

of of .. «ot-al organs 

raicrosporogenesis (Cooper, 1929, 1931) ThZnTiZ of 

bers of the Nyctaginaceae has thus far been ' ^ development of mem- 

(;88o) brie% mentioned 

of Oxybaphus nyctagineus. Accordino- to He' 1 “^oiospore mother cell 
described the aiiatomv aiifl Hip H r " ® Beimel i (1889) Finger flSSai 

09.6, Td Wc^’ilr ST T ■" *■“» 

deveIopn,e,.t of the ovnle in Ms sSfA' 

reported on the development of the oviile of TM (.929) also 

member of the Cynocrambaces, , I . . Cymcranbe, a 

Nycteginaceaei Eocen " 9 yT ma “ T '» » 

embryo sac development iTighT specrTs b'S'"' P°““ “6 

B-uginmltaea glabra being one of the sTecies Ti”*. ”)''‘2e“>eeae, 
report on any one member of tl.TST ° h t , vf. 

■- described the development „, Sr Zn »'’» 

A description of the materink .,o a • ^ of Boerhaazna diffusa. 

and staining have already been ontlin'd TcTT “T ''*■"? 

aratiomr to show the rtnergence T fe Sf’ Prep- 

very yomrg buds wre fitted in Sa 'i 

and mounted in toto in alycerine .J^^;foof>f-alcohol, stained in light green, 
will be made with material of the liortTciiltiiril '^^cessary, comparisons 
son Lake, which is considered to be a variety ^ugimnllaea, Crim- 

■J ue a vaiiety of 5. Willd. 

Observations 

surface of a br'iihtty-SeriavenXr brlf upper 

thick mid-vein near the base of the bract T being attached to the 

usually tney are three together in an umb^I n 
are somewhat heart-shaped, are so amnaed tZlZZ' 

» - . in di.mc.cr .nd -rj 
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roughly pentagonal and terminates in five equal lobes. Lateral outgrowths 
of the perianth lobes give the open flower a somewhat frilled appearance 
(text fig. lb). 

The androecium consists of seven to eight (usually eight) stamens with 
long flattened capillary filaments (PL LVI, fig. 10). Usually two or three 
stamens extend beyond the perianth tube (text fig. ib). The single pistil 
bears a long hairy stigma and a relatively short style (fig. 10). The mature 
ovary is about two millimeters in length. The ovule has a form somewhat 
intermediate between the anatropous and the campy lotropous types. 

The floral parts develop in acropetal succession : perianth, stamens, carpel. 
A careful study has been made to determine if priniordia of another whorl 



Text Fig. i. a, an inflorescence of B uginvillaca glabra. X 2 . 
b, an open flower. X 2 . 

of floral structures might have started development and then ceased, but no 
evidence for such a whorl could be obtained. Maheshwari ( 1929) similarly 
found no evidence for a fourth whorl in Boerhaavia diffusa. 

The inflorescence is first recognized as a small rounded mass of cells in 
the axil of a leaf . As this young peduncle elongates, three bract priniordia 
arise from the edge of its somewhat flattened apex. When the terminal in- 
florescence has reached some size, two lateral inflorescences may develop from 
its peduncle. 

The individual flowers appear as club-shaped masses of meristematic cells 
in the axils of the partially developed bracts (fig. 2). As the bract grows, 
each pedicel, which remains attached adnate to the mid- vein of the adjacent 
bract, elongates so that when the flower is mature it appears to have arisen 
from the upper surface of the bract. 

The first primordium of a perianth lobe to appear is on that side of the 
meristematic protuberance away from the bract (fig. 3). The other four 
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IJeriMh primoriia appear in quick succession and in their growth oradmllv 
broaden a the.r bases (fig. 4) until the, unite to font, a ri„g“ of merttema* 
issue. The growdi of this ring produces the perianth tube. Division of the 
ce Is within the primordia causes an upward extension of the perianth l 2 s 
These lobes loof over the apex of the pedicel (fig. 5). 

The primordia of the perianth lobes are 'laterally as well as terminallv 
meiistematic (figs 7a, b, c). Consequently these lobes widen above the tube 
and their edges fold inward (figs. 8a, c, 9 ). When the bud unfoldt there 
wing i ce appendages on either side of each perianth lobe (text fig ih) 

_ The pniiKirfia of the stamens emerge in a single cycle (fig c) The 
single pnmordium of the carpel arises at one side of the growing tip and as 
1 develops, Its base broadens laterally until it gradually encircles^the^apex of 
*e growing pedicel. The apical portion of the pedicel becomes the teL^a 
nucdlus. The pnnrordnun the curpei, b, continued growth, encIo,eT;£ 

rther (h 10). The anther is at first a mass of similar cells surrounded 
by an epidermis, which is more or less circular in cross section With con 
tinned growth the anAer, in cross section, becomes oval, and then rectanguW 
(fig. I ) . Shortly thereafter four lobes appear and simultaneously one or 
occasionally two rows of hypodermal cells at each corner of the anther 
become somewhat more prominent than the rest of the cells. Their laree 
juclei and their somewhat greater affinity for the stain make them conspii 

an her roL^fii'r “ h'"* W” >" 

Mlnnii ■ . archesporial cells become divided peri- 

c ^nally into primary sporogenous and primary parietal cells (fig. n) The 

piimaiy parietal cells divide periclinally and anticlinally until four cell layers 
o parietal tissue are formed (fig. 14). The outermost parietal laylTater 
tapetum endothecium and the innermost layer' into the 

eiSdf- 1 f sporogenous cells occurs, until ultimately there are 

eight to ten spore mother cells in each lobe as seen in cross section (fig i e) 
The miciospore mother cells are at first polyhedral, but with continued fn 
largement of the anther they become somewhat spherical and the r nuclei 
undergo the reduction divisions. At about the time when th 7 sii“ n“£ 
cel nuclei leach the stage of synizesis, the nuclei of the innermost layer of 
pane al cells divide mitotically (fig. 16). The cells of both the endothecium 

LVII 18) heterotypic anaphases (P!. 

jalS 1 elS'ler Tr® "'P'" “■> b. closely ad- 

Other mrl nr • 11* ultimately become flattened against each 

CL" 7r“" “ ^ ■> ■" 

P *°und, however, with more than two nuclei. 
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Tiscliler (1908) states that mitosis occurs in the young tapetal cells of the 
hybrid Mirahilis Jalapa >< iubifiora. The two nuclei of a tapetal cell come 
into contact, being flattened on their adjacent surfaces. In the older tapetal 
cells Tiscliler finds several nuclei of varying sizes. Rocen (1927) figures 
mitosis in the young tapetal cells of both Buginmllaea glabra and 0 xyhaplnis 
micranthus. In older tapetal cells of Buginmllaea glabra he finds that the 
two nuclei persist, whereas in corresponding cells of Oxyhaphus micranthus 
there are numerous nuclei. An examination by the writer of the tapetal cells 
of Buginvillaea spectabilis has revealed a situation similar to that found in 
B. glabra. In sections of buds of Oxyhaphus nyctagineus ^ mitotic figures 
were found in the cells of the young tapetum and not more than two nuclei 
could be found in older tapetal cells. Maheshw’'ari (1929) reports that the 
tapetum of Boerhaavia diffusa is constantly bi nucleate. 

After the completion of the reduction divisions, the microspores become 
thick- walled and lie loosely in the pollen sacs (fig. 19). The tapetum now 
disorganizes and the wall layers' between the two adjacent microsporangia on 
one side of the anther become stretched, the cells break apart, and a single 
theca is formed. Simultaneously wdth the disorganization of the tat>etum, the 
cells of the endothecium, with the exception of a few cells at the stomium or 
region of dehiscence, develop the characteristic thickened spiral bands on the 
cell walls which are concerned with dehiscence. The cells of the epidermis 
of the anther with the exception of those in the region of the stomium have 
at this stage become thick-walled. 

Shortly after the flower opens, the anthers dehisce. The pollen grains 
which are shed are in reality microspores. The thick exine and intine of 
these spores seems to aid in the retention of their approximately hemispherical 
shape. As earlier reported (Cooper, 1931), the content of the microspore is 
shrunken and no two-celled pollen grains were obseiwed. At no time has the 
germination of a pollen grain been noted. 

The single cauline ovule develops within the closed carpel (fig. 20). An 
apical hypodernial cell becomes differentiated (fig. 21 a, b) as a primary 
archesporial cell while the nucellus is still upright and at about the time when 
the carpel actually closes over the apex of the pedicel. The primary arche- 
sporial cell differs from its neighbors in being larger and in having a larger 
nucleus. This cell divides to form a primary parietal ceil and the macrospoi'e 
mother cell. The primary parietal cell divides (fig. 22) several times so that 
the macrospore mother cell is deeply imbedded in the nucellus (fig. 23). 

Shortly after the macrospore mother cell is formed, the integuments arise 
at a level just below this cell from the epidermal layer of the nucellus (fig. 22). 
The outer integument is the first to appear, and soon after its appearance and 
just above it the primordium of the inner integument is developed. The en- 
tire ovule grows more rapidly on that side away from the point where the 
primordium of the carpel made its appearance, so that it bends toward that 
direction (fig. 23) . The bending of the ovule takes place in the region of the 
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origin of the integuments (fig. 24), and continues until the ovule assumes a 
form intermediate between the campylotropous and the anatropous conditions 
(figs. 25, 26). Woodcock (1928, 1929) describes a single campylotropous 
ovule as occurring in both Mirahilis Jalapa and Thelyqonum Cynocrambe 
Maheshwari (1929) reports that there is a single basal anatropous ovule in 
Boerhaavia diffusa. The outer integument of Buginvillaea glabra, which be- 
comes several layers of cells in thickness, and the inner integument, which re- 
mains two layers of cells in thickness except at the apex in older stages, grow 
so that they have reached a level even with that of the end of the nucellus by 
the time the macrospore mother cell nucleus has reached the stage of diakinesis 
(fig. 24). No regular difference in size between the cells of the two layers 
which make up the inner integument similar to that described for MirabiUs 
Jalapa (Woodcock, 1928) was noted. When the flower opens the intemi- 
ments have grown so as to form a short micropyle (fig. 26). That portion 
of the inner integument which surrounds the micropyle becomes four or five 
layers of cells in thickness. 

I he presence of two integuments does not appear to be a constant charac- 
teristic of the^ Nyctagmaceae. An examination of preimrations of Buginvil- 
iaea^ spectabths rtvtjled the presence of two integuments in that species 
Rocen (1927) found two integuments in B. glabra, Oxyhaphus nyctalineus 
and O. viscosus, and only one integument in MirabiUs Jalapa, whereas 
Maheshwari (1929) described only one integument for Boerhaavia diffusa. 

As already described (Cooper, 1931), the macrospores may disintegrate 
early so that a nucellus containing vegetative tissue only is developed or a 
macrogametophyte may be formed. In many cases the ovule has beo-un to 
disintegrate before the opening of the flower. There is an almost totd ste- 
rility in the female line. 

^ There are many multicellular glandular hairs on both sides of the perianth 
pnmordia as well as on the bracts, immature leaves, and young stems These 
hairs arise from epidermal cells each of which divides to' form a primary hair 
cell and an epidermal cell (fig. 29). Figure 29 shows an anaphase stage of 
nuclear division in a primary hair cell. By successive divisions of the basal 
ce s of the hair (fig. 30) a row of from seven to fifteen cells is formed. The 
ce s of the inimature hairs are unequal in size (fig. 32), but in older hairs the 
cells are similar in size and shape. The cells of the hairs found on the young 
stems and leaves ixissess plastids, whereas there are no plastids in the cells of 
the haiis borne on the bracts and perianth tube. The apical cells of these hairs 

become very much enlarged, somewhat flattened at the apex, and develop 
thick walls (fig 31). _ The cytoplasm shrinks from the cell wall and becomes 
so very dense that it is difficult to distinguish the nucleus (fig. 33) In the 

“^terial is laid down within the cell 
Z; ^1 terminal cell appears to contain a very small 

poie. These liairs are quite different from the short-stalked glandular hairs 
with spherical terminal cells found by Maheshwari (1929) on the surface of 
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the perianth of Boerhaavia diffusa. According* to Solereder (1909), the en- 
larged terminal cells of the glandular hairs found in the Nyctaginaceae are 
in most cases ellipsoidal or clavate, more rarely spherical. 

The stalk of the mature ovule is thickly covered with cylindrical, single- 
celled papillate hairs (fig. 28). Rocen suggests that the surfaces of these 
hairs offer a suitable support for the growing pollen tube. 

Raphides are found in the spongy tissue of the young bracts, in the 
parenchymatous tissue of the stalk and walls of the ovary, and in the style 
(fig. 20). They begin development in the vacuole of an enlarging cell (fig. 
35) in a manner similar to that described by Smith (1923) for the raphides 
of an orchid. By continued growth they rupture the wall of the parent cell 
and so come to lie between the cells of the surrounding tissue. When they 
have reached their full development, a bundle of needle-like crystals is formed 
which is several times as large as the cell in which it originated (fig. 26). 
The presence of raphides is common in certain tissues of the members of the 
Nyctaginaceae. Solereder (1908) notes their presence in species of Bugin- 
villaeaj Crypto car pus, Mirahilis, Oxyhaphits, Neea, Phaeoptilum, and Pisouia. 

In an early stage of development of the umbel-like inflorescence, a definite 
abscission layer is differentiated in the peduncle, a short distance below the 
attachment of the bracts. This region is easily recognized, when observing 
the matured inflorescence, as a slight swelling of the peduncle about one half 
inch below the bracts. An examination of a longitudinal section of this region 
shows that the cells of the abscission layer have remained small, rounded, and 
thick-walled, whereas those both above and below along the axis of the pe- 
duncle have grown greatly, appearing rectangular in section, and have re- 
mained thin- walled (fig. 27). 

Perhaps two or three days after the opening and withering of the flowers 
of the cluster, the peduncle breaks at the level of the abscission layer and the 
entire inflorescence drops away. Examination of numerous such dropped 
flowers from plants growing in the greenhouse at the University of Wis- 
consin failed to reveal the presence of either fruit or seeds. Examination of 
several hundred inflorescences that had been collected from beneath plants 
which were growing in the open in both Florida and Brazil likewise failed to 
show the presence of either fruits or seeds. 

Summary 

1. The flower cluster of Buginmllaea glabra consists of three flowers hav- 
ing an umbel-like arangement. A single cream-colored flower is attached 
adnately to the upper surface of each lavender-colored bract. 

2. An inflorescence beai'ing from three to five clusters of flowers is borne 
in the axil of a leaf. 

3. The mature flower consists of a perianth tube wdiich terminates in five 
equal lobes, seven or eight (usually eight) stamens, and a single carpel. 

4. The young flower appears as a protuberance in the axil of a bract. 
The order of appearance of the floral organs is perianth lobes, stamens, carpel. 
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t„hP 'nJn? extensions of the perianth lobes above the 

tube pioduces wmg-like extensions on either side of the lobe. 

ternld^nther" ^ 

7. Microsporogenesis is typical and four microspores are produced 

8. When the microspore mother cells are in an early prophase sta^e 

(symzesis), the nuclei of the innermost parietal layer divide mit^^tically • the 
tapetal cells are thus binucleate. ^ 

9 - The upright cauline ovule bends upon itself so as to take a form that is 
somewhat intermediate between the campylotropous and anatroi>ous types 

0. The sui faces of the bracts and perianth lobes are covered with nu- 
merous multicellular glandular hairs. 

and'ovafy waS" 

attaSmt" Ste tecS'" “ 

of tli JoterT'”''™' •'“P ‘’■'“■‘ly after the withering 
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EXPLANATION OP PLATES 

All drawings were made with an Abbe camera liicida at table level. Spencer com- 
pensating oculars, a Leitz 16 mm. objective, a Spencer 8 mm. N.A. 0.60 apochromatic ob- 
jective, and a Leitz achromatic oil-immersion N.A. 1.32 objective were used. The magni- 
fication was as indicated for each figure. All figures have been reduced approximately 
three-fifths in reproduction. 

Plate LVI 

Fig. 2. A young inflorescence with a bract (B) removed to show the floral pri- 
mordia (F). X 200. 

Fig. 3. A young flower in the axil of a bract. Two whorls of primordia can be 
seen. (B) bract, (P) perianth lobe, (v?) stamen. X 100. 

Fig. 4. A somewhat older flower. X 100. 

Fig. 5. A still older flower with two perianth lobes and a portion of the bract re- 
moved. The apical portions of the stamens (S) are beginning to enlarge. The carpel 
(C) has almost completely closed over the nucellus, X loo* 

Fig. 6. Diagrammatic cross section of a flower, showing the relative position of the 
floral organs. (B) bract, (P) perianth, (S) stamen, (C) carpel, ( 0 ) ovule. X 100. 

Fig. 7. (a) A transverse section through the perianth lobes of a young flower, show- 

ing the lateral outgrowths of the lobes. (/;) A section through the same perianth at the 
level at which the lobes are uniting to form the perianth tube, (c) Section through 
perianth at a lower level. X 

Fig. 8. (a) A transverse section through the perianth lobes of a somewhat older 

flower, (b) A section through the same perianth at the level at which the lobes are 
uniting to form the tube, (c) Section at lower level. X too. 

Fig. 9. A reconstructed drawing of a series of longitudinal sections of a flower, to 
show the infolding of the perianth lobes. X too. 

Fig. 10. The mature staminal whorl and ovary. Note the hairy stigma of the pistil. 
8 stamens are present. X 15- 

Fig. II. A transverse section of a young anther^ the archesporial cells shaded. 
X 700. 

Fig. 12. An archesporial cell and surrounding cells. X i550. 

Fig. 13. An archesporial cell has divided into a primary parietal and a primary 
sporogenous cell. X t5S0- 

Fig. 14. Portion of a longitudinal section through an anther showing division fig- 
ures in both parietal and sporogenous cells. X i5SO- 

Fig. 15. A transverse section through a portion of an anther, showing the develop- 
ment of the wall layers, and division of the sporogenous cells to form microspore mother 
cells. X floo- 

Fig. 16, A section through a portion of an anther showing the differentiation of an 
endothecium and division figures in the tapetal cells. X Soo. 

Fig. 17. A section through a portion of the anther at a somewhat later stage. 
X 1000. 

Plate LVII 

Fig. 18. A still later stage. X 1000. 

Fig. 19. A section through a portion of an anther showing the disintegrating tapetum 
{t), an endothecium (£?) with the characteristic markings, the thin walled cells in the 
region of the stomium (5), and the break (b) developing between the two sporangia. 
X 700. 

Fig. 20. A longitudinal section through a young pistil, showing position of raphides 
in ovary wall. X 200. 

Fig. 21. (a) Longitudinal section of young ovule showing archesporial cell X Soo. 

(b) Archesporial cell. X 2900. 
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Fig. 22. Longitudinal section through an ovule. The macrospore mother cell is 
nuch Urgei than the surrounding cells. The primary parietal cell has divided anticlinally 
llie outer integument is beginning to develop. XSoo. 

1 ?!.' ^ macrospore mother cell is more deeply im- 

T'- “‘®Suments and nucellus are developing more rapidly on one 
side, so that the ovule is bending. X 8oo. i j u one 

Figs. 24, 25, 26. A senes of diagrams showing the bending of the ovule as it de 
velops. X200. 

duncte*^' X 800"^ of a longitudinal section through the abscission layer of the pe- 

Fig. 28. A few papillate hairs from the stalk of the ovule. X 800. 

Fig. 29. Very early stages in the development of the glandular hairs. X ISSO 
cells X8co ^ ^*'i"dular hair showing a division figure in one of the'basal 

Fig. 31. Terminal cell of young glandular hair. X iSSO- 
cells^'x?oo ^ glandular hair from a young leaf. Plastids are present in the 

■I ■ development of the terminal cell. The cytoplasm 

siriuvs lom the thick cell wall. In figure 34 a substance, evidently secreted by the 
cytoplasm, is being laid down against the cell wall. X iSSo. ^ 

Fig. 35 A cell from the wall of a very young ovary. A bundle of raphides is be- 
ginning to develop in the central vacuole of the cell. X iSSo. 

Fig. 36. A fully developed bundle of raphides, between the cells of the style. X 800. 









ANAEROBIC RESPIRATION OF CACTI " 

Felix G. Gustafson 
(Received for publication April 9, 1932) 

The writer’s studies of anaerobic respiration of several different varieties 
of fruits and such underground parts as tubers and rhizomes have now been 
extended to the fleshy structures of cacti. This work was done at the Desert 
Laboratory of the Carnegie Institution of Washington at Tucson, Arizona, 
during the winter months of October to January. Although the climate in 
Tucson is rather mild as winters go, yet it was by no means warm. There 
were several periods when for one night or several nights in succession the 
temperature was below freezing. For the greater part of the time there was 
not much growth of any kind and certainly not in any of the cacti used in 
these experiments. 

The temperature of the bath in which the experiments were conducted 
gradually rose during a period of three and a half months from 25° to 25.5° 
C., but during an individual experiment, lasting usually a week, the change 
was so slight that it could not be detected. For respiration chambers large- 
mouthed pickle jars were used. Otherwise the experiments were conducted 
as in the past (i). In order to establish an equilibrium, the plants (kept in 
the dark) were in the respiration chambers, through which air was drawn, 
usually for about 20 hours before the collection of CO 2 was commenced. 

Six species of cacti and the leaves from two species of thin-leaved plants 
were used. The leaves were used to get a comparison between fleshy plants 
and thin-leaved structures from the same habitat and under identical condi- 
tions. The plants used were: Carnegiea gigantea, Fero cactus wisliBeni, Neo- 
mammillaria microcarpa, Echinocereus fendlerij Opuntia engelmanniij 0. 
versicolor, and the leaves of Verbena ciliata and Encelia farinosa. The cacti 
ranged in compactness from the nearly spherical Ferocactus to the flat Opun- 
tia engehnannii and the long and cylindrical growth of Opuntia versicolor, 
(The names as here used are those given by Britton and Rose, ‘‘The Cac- 
taceae.”) 

To eliminate the activity of bacteria or fungi all plants used were first 
washed free from soil and other foreign matter and were always healthy and 
uninjured, except where joints were broken off or roots cut off, and in one 
experiment with Ferocactus wislizeni in which a fungus infection developed. 
Sometimes these injured surfaces healed before the plants were introduced 
into the respiration chambers, or they were coated with vaselin or grafting 
wax, although in some experiments joints with fresh cuts were placed in 

1 Paper from the Department of Botany of the University of Michigan, No. 377- 

. ' ' S23, 
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the chambers. When the plants were taken out of the chambers at the end 
of the experiments they were always examined for fungus or bacterial action, 
but only in the instance mentioned above were evidences of infection noted 
in the plants that had been in nitrogen. In a few instances the plants in air 
had fine wefts of fungus on the roots. It seems to the winter that bacterial 
and fungal responsibility for the COj production under the experimental 
conditions can very definitely be excluded. 

Carnegiea gigantea 

More experiments were conducted with this plant than with any other, 
partly because it is typical of this region and partly because small specimens 
were easily available. Dr. Shreve had on hand a large number of Carnegiea 
gr-igffflMtm plants, grown from seeds, that were seven years old and these were 
very .satisfactory for the work. Larger plants were easily obtained from 
the mountains. In all, seven experiments with controls were conducted with 
the giant cactus 01 Sahuaro, as it is more commonly called in Arizona. 

To get some idea of the normal respiration of cacti, over an extended 
period of time, an introductory experiment was conducted in which two dif- 
ferent sizes of Carnegiea gigantea were used. Each group was run in dupli- 
cate. The plants grown in the greenhouse were used and they ranged in 
size froin 3 to 4 inches in height. The larger plants (about 6 inches) were 
collected in the field. 

From this introductory experiment (text fig. i) it will be seen that the 
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Text FiCx. i. Respiration in air of plants of Carnegiea gigantea of two different 
sizes. The plain circles and the circles with the horizontal line through them represent 
two experiments with 7-year-oId plants 3 to 4 inches in height. Three plants were used in 
each experiment. The other two experiments were conducted with older plants, 6 inches 
m height. ^ Each circle represents the average of two collections. This is true for all of 
the experiments cited in this paper. The plants represented by the plain circles and the 
circles with the perpendicular line through them were taken out of the chamber 231 hours 
after the first collection was made, or 275 hours after the plants were put in the dark 
chambers, and placed in the sun out of doors for 7 hours. They were returned to the 

chamber and collections made next day as before. 
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revSpiration of cacti is very low when compared with other plants. In only 
one collection was the amount of CO2 produced more than 30 mgs. per 
kilogram hour. This is low even when compared with ripe fruits. Collec- 
tions were made in this experiment for a period of 280 hours, and the plants 
were in darkness for about 320 hours, yet the respiration was fairly well 
sustained. In fact there was only a slight decrease after the first hundred 
hours. To find out whether organic substances were running low the plants 
from one container from each group were taken out after having been in 
darkness for 275 hours and placed in the sun for 7 hours. They were then 
returned to the containers and measurements made the following day as 
before. The small plants showed an increase for the two days that fol- 
lowed, while the large plant did not. In fact its COo production was less 
the day after it had been in the sun than it had been before. 

In experiment 8 (text fig. 2) 3 seven-year-old plants were used. They 
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Text Figs. 2 and 3. PTg. 2 (left). Respiration of 7-year-old Carnegiea glgantea 
plants. Three plants were used in each respiration chamber. The plain circles repre- 
sent the plants in nitrogen in all experiments except those in text figure i. Fig. 3 (right). 
Respiration of Carnegiea glgantea plants, 8 inches tall. 


varied in size from 2 j 4 to 4^/2 inches in height. They had been in nitrogen 
only 9J4 hours when air was again introduced because of a leak in the valve 
supplying the nitrogen from the tank. . The next day nitrogen was again 
introduced and the plants remained in nitrogen continuously for 142 hours. 
The plants in nitrogen maintained a higher rate of CO2 production for two 
days than did the plants in air. After that the rate was practically the same 
for control and experimental plants. When the plants were taken out of 
the respiration chamber the smallest plant in the nitrogen showed a slight 
browning on several ribs near the apex. The other two seemed to be in 
good condition. After some days the plants were put in soil and kept in 
the greenhouse. The two smaller plants developed blackening at the apex 
after some time and were discarded. The third plant was still in good con- 
dition two and a half months after the experiment was ended. The blacken- 
ing noticed may not have been due to injury after all, as other plants from 
the same lot growing in the greenhouse have also developed black apices, 
without having been in nitrogen, 
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In experiment 42, which was conducted in January, Carnegiea gigantea 
was also used. These plants were 8 inches tall and 4 inches in diameter. 
The respiration in these plants was very low (text fig. 3); the highest only 
20 milligrams per kilogram per hour. It is to be noted that the plants in 
this experiment had been exposed to low temperature for several weeks 
before they were used. This may to some extent account for the small 
amount of CO^ produced in comparison with the other two experiments cited 
above, which were conducted in October, when the temperature was much 
higher. In this experiment there was no great difference in the rate of the 
control and the experimental plant, except for one day. The plant which 
had been in nitrogen showed a patch of yellow-gray color on one side near 
the apex. On cutting into the plant it was found that the chlorophyll had 
partly disintegrated, becoming yellow-brown (instead of the usual bright 
green). The chlorophyll disintegration extended into the plant for only 
2 or 3 millimeters. 

Two attempts were made to use plants over a foot tall, but the containers 
could not be maintained air tight for any length of time. One plant was in 
an atmosphere of nitrogen for nearly two days. During this time the CO., 
production was actually much higher than it had been while in air. 

All experiments with Carnegiea gigantea show that this plant is capable 
of living in an atmosphere free from oxygen for several days with only 
superficial injuries and some plants were not at all injured. During this 
time they maintained a rate of respiration which did not differ very much 
from the control. In some it was a little lower while in others a little higher 
than the control. 

Ferocactus wislizeni 

This plant is an interesting subject for experiments in anaerobic respira- 
tion. In outline it is almost a perfect sphere with ridges running perpendicu- 
larly. This supplies a relatively small surface for a large volume and 
therefore the gas exchange might also be expected to be slow, with high 
content of CO^ and low content of oxygen, at least in the central part of 
the plant. If the interior is normally low in oxygen content, these plants 
would be expected to suffer less injury and respire more, when in total 
absence of oxygen, than plants which normally have high oxygen content 
in their interior. 

Four experiments, each one with a control, were run with this plant. 
The rate of respiration, either aerobic or anaerobic, was very low ; in two 
of the experiments the CO2 production was less than 20 mgs. per Kg-H 

The others were all less than 40 mgs. per Kg-H. except in one reading, where 
It was 42. 

In experiment 10 and its control the plants weighed 381.8 and 3269 g 
respectively, and measured about 4 inches in diameter, not including spines’ 
As shown by text figure 4 the plant in nitrogen respired more than the 
control at the beginning of the experiment. The next day, 20-^4 hours 
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after nitrogen introduction, the experimental plant respired only 60 percent 
as much as it did in air the preceding day, and the control had decreased 
only a few percent. Next day there was only a slight decrease. At the 
end of 48 hours the nitrogen was replaced by air, and the plant remained in 
it for 94 hours. At the end of the aerobic period two collections were made 
from each one of the plant chambers. It was found that the two plants 
respired approximately the same at this time. The air was replaced by 
nitrogen and the next day the plant in nitrogen showed an increase over the 
plant in air. When the plants were examined at the end of the experiment. 
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Text Figs. 4 and 5. Fig. 4 (left). Respiration of Ferocactus imsU^eni plants, 
about 4 inches in diameter. Fig, 5 (right). Respiration of Ferocactus wisli^eni plants, 
4 inches in diameter. Note the very low rate of respiration. 

eight clays after they were placed in the containers in the dark, they were 
both found to be in perfect condition. They were planted in soil and placed 
in the green house. Two months later when again examined they were 
found to be in perfect condition. No new roots had been formed in either 
one, but that was not to be expected at this time of the year. 

The other experiments showed no appreciable decrease in the respiration 
at the end of 24 hours in nitrogen. In experiment 15 (text fig. 5) there 
was a slight decrease immediately after placing the plants in nitrogen, but 
after that the decrease in CO 2 production was approximately the same as 
that in the control plant. The control plant respired considerably less than 
the plant in nitrogen throughout the experiment. These plants were of 
approximately the same size as the plants in experiment 9. At the end of 
the experiment both plants were in perfect condition and when examined 
six weeks later they were found to be healthy and uninjured in every respect. 

One of the two remaining experiments was conducted with small plants 
and the other with plants of the same size as in the cited experiments. In 
one of these the respiratory rate increased somewhat after the first day in 
nitrogen and this higher rate was maintained throughout the experiment. 
At the time this behavior was very puzzling but it later developed that the 
plants were infected with a fungus. This experiment should therefore be 
discarded in summarizing the results with Ferocactus wislizeni. In the 
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fourth experiment, in which small plants were used, the rate gradually fell, 
but nearly the same in the control and the experimental plants. From these 
four experiments it seems certain that Ferocactus wislweni is capable of 
carrying on anaerobic respiration for a considerable time with no injury to 
the plants. 

Neomammillaria microcarpa 

This plant is rather small, usually about one and a half to two inches in 
diameter and from two to four inches tall, with small tubercles all over the 
surface. This plant therefore has a much larger surface per unit volume 
than does Ferocactus wislizeni. 

Three experiments with controls were performed with this species. In 
all experiments several plants were used in each respiration chamber, because 
the individual plants were so small. 

Experiment 13 with its control is typical and it is here illustrated by text 
figure 6. Four plants slightly different in size were used in each jar. Simi- 
lar plants were selected for the two chambers. All plants were collected on 
the same hillside, a few days before they were used in the experiment. This 
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Text Figs. 6 and y Fig. 6 (left). Respiration of Neomammillaria microcarpa 
plants. Four plants were used in each respiration chamber. Fig. 7 (right). Respira- 
tion of OpiinHa versicolor joints. About 15 joints were used in each jar. Most of the 
joints were, quite plump and short. 

procedure was followed in all the experiments with Neomammillaria micro-^ 
car pa. 

It will be noticed that the plants in air respired considerably more at the 
beginning than the plants which were put into nitrogen in spite of the careful 
selection of similar plants. 

During the first 24 hours the plants in nitrogen respired more than they 
had done when in air, but after that the rate fell below the original, though 
not as much as in the control. At the completion of the experiment the 
plants appeared normal except that the chlorophyll was of a brownisli-green 
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cast, and after some weeks the chlorophyll had disappeared entirely To 
the touch they felt a Httle softer than the control plants. Microscopic exam- 
ination of thin sections showed no definite difference between the control 
and the experimental plants. Six weeks after the plants were removed from 
the respiration chamber the three plants saved were again examined. They 
had been planted in sand in the meantime. One plant was dead. The other 
two plants showed a very interesting development. The tubercles which had 
shown the disintegration of chlorophyll were in many instances ready to 
slough off the outer layer and underneath this white and dry layer the tissue 
was of a bright green color showing active growth and development of new 
chlorencliyma tissue. 

The other two experiments were in the main like the one described in 
detail. One of them showed a greater drop in nitrogen than the experiment 
cited. Ihe plants were saved in only one experiment and after two months 
one veiy small one was dead, while the other four were alive and tjie outer 
injured layer of the tubercles was sloughing off and new chlorenchyma tissue 
had developed underneath. 

On the whole N eomamniillaria niicrocarpa showed a greater decrease in 
respiration when oxygen was excluded than did Ferocactus wisUseni. It 
was also injured superficially and perhaps internally to a greater extent. 
Only the smallest plants, however, w'ere injured beyond the surface layer 
i.e., the chlorophyll-bearing layer, extending for two to three mm. below the 
surface. 

OpUNTIA VERSICOLOR 

Optmtia versicolor and 0. engelmannii were both used to make com- 
plete the survey of the more common cacti found around Tucson. 

Opuntia versicolor which has previously been used in several investiga- 
tions on respiration is a profusely branched form, with cylindrical joints 
The end joints are three-quarters of an inch to an inch in diameter. Joints 
separate very easily from one another and do not have to be cut apart as a 
slight wrenching will separate them. Terminal joints were used in th^two 
experiments conducted with this plant. Whether the terminal joints used 
were last year’s growth or older cannot be stated, as not all apices will produce 
new joints every year. Material used in both experiments was obtained 
from the same large plant. Opposite or otherwise similarly situated joints 
were broken off and each one put in a separate lot. In this way the experi- 
mental joints and the control joints were as similar as was possible to get 
them. ^ 

In one of these experiments there was a very large increase in respiration 
immediately after the nitrogen was introduced. This increase lasted at least 
more than 24 hours. According to Richards (2) the CO^ production de- 
creased to about half a few hours after the joints were put in nitrogen, when 
the temperature was maintained at 21° C., while at 35° C. there was no appre- 
ciable difference whether they were in the air or in nitrogen. The tempera- 
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ture of the bath in the present experiments was 25.4 and 25.5° C. It seems 
improbable that the difference in behavior in the two sets of experiments 
could be due to a difference in temperature of only 4.5° C. Richards’ ex 
periments were conducted with material that had been sent from Tucson to 
New York and consequently it was not fresh, but the writer’s material was 
taken from the plants only as it was to be used. In one of Richards’ tables 
he gives the time as April 1-3, about two and a half months later in the sea 
son than the experiments here_ reported. At Tucson these months are verv 
important as far as plant activity is concerned. In early January nearlv 
every plant is dormant, while in late March everything is in full growth 
Whether these differences in condition of the plants are significant or not 
is very hard to state. They may, however, account for the very great dif 
ferences m results obtained. Richards continued his experiments for only a 

few hours. In the two experiments here reported the plants were exposed 
to nitrogen for 96 and 138 hours. g cu 

^ ^ Experiment 36 and its control are illustrated by text figure 7 About ic 
joiiris weighing_250 grams were used in this experiment. No determination 
of CO2 after nitrogen was introduced was made until the following dav be- 
cause It had been found that several hours were required completely to re 
move oxygen from the respiration chamber. It will be noticed that for at’ 
least 40 hours a ter nitrogen was introduced the respiration was higher than 
_e ore its mtioduction. ^During the following day the rate fell below the 
initial as well as below the control, which in this experiment remained fairly 
constant. At the end of 138 hours of exposure to the nitrogen atls^ 
the respiration was still 54 percent of the original. This shows a remarkable 
ability to respire anaerobically. At the completion of the experiment only a 
few joints showed a few small grayish-green spots. Two weeks later those 

soil were all in healthy condition with one exception. Those on the lab- 
01 atory table showed slight browning in one specimen. These plants were 
thus injured only to a very slight degree. ^ 

In the second experiment, which lasted only 96 hours, the rate fell ouite 
rapidly in the control plants as well as in the experimental “ Th 
experimental plants were considerably injured at the end of the experiment 
and after 3 weeks m the soil they were all dead. The plants evidenfiy were 
not in as good condition as in experiment 36, which was started 9 days later 
with material from the same plant. In experiment 36 all but two or three 
joints were plump and large in diameter, whereas in the first experiment 
most joints were slender. The slender joints were more inteTrboTh 
experiments than the plump ones. The writer does not know whether Ae 

slender ones were younger than the plump ones or not. ether the 

OpXJNTIA ENGELMANNII 

Opuntia engelmannii is one of the • • 

three-quarters of an inch thick, which are so strongly attlchedwl^^^ 
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the plant that removal necessitates cutting, but of course the cut surface is 
very small. The material for the two experiments in which this species was 
used was obtained from two individuals, one for each experiment. The 
joints were the youngest ones on a branch. 

Text figure 8 represents experiment 37 and its control. This experiment 
was conducted at the same time as experiment 36 so that the experimental 
conditions were identical. Of the whole group of experiments it is the most 
astonishing because at no time during the 138 hours that the plants were in 
nitrogen was the COo production less than when they were in air at the be- 
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Text Figs. 8 and 9. Fig. 8 (left). Respiration of Opimtia engelmannii joints. 
Four joints were used in each jar. Fig. 9 (right). Respiration of Echinocereus jendleri 
plants. Five plants were used in each respiration chamber. 


ginning of the experiment. It will be noted that though the CO2 production 
decreased in the control day by day the experimental plants maintained prac- 
tically the same rate from the second to the sixth day. At the end of the 
experiment and several weeks later no difference could be detected either 
externally or internally between those plants that had been in nitrogen and 
those that had been in air. 

In the other experiment there was a fall in respiration below the initial 
after two days but the decrease was not as great as that in the control. 
Here also the plants were in perfect condition several weeks after they were 
taken out of the respiration chamber. 

Here is a plant which is relatively thin, has an abundance of stomata, 
and should be abundantly supplied with air, and which one would expect to 
suffer quickly from lack of oxygen, yet it respires faster in absence of oxy- 
gen than in its presence, without injury to the plant tissue from the products 
of this incomplete respiratory process. 

Echinocereus FENDLERi 

Echinocereus fendleri is a cactus that grows in clusters of a dozen or more 
heads, which all come from one root by budding near the soil level. The 
plants are two to three inches in diameter and may grow as tall as ten inches. 



AMERICAN JOURNAL OF BOTANY 


[Vol. 19, 


For the experiments single plants were used either without buds or with very 
small buds. These plants were therefore rather young. 

Two expel iments, each with a control, were performed with this species 
In one experiment air was reintroduced after 72 hours in nitrogen. The rate 
of CO, production increased gradually during the 3 days that the plants were 
in air, until the time nitrogen was reintroduced, when the respiration was 130 
pel cent higher than it was just preceding the air introduction. When nitroo-en 
was reintroduced the CO^ production fell very abruptly to about the levef at 
which It had been 4 days before when also in nitrogen. At the end of the ex- 
periment, 190 hours after the first introduction of nitrogen, the experimental 
plants respired as much as the control plants. At the beginning of the ex 
penment they respired somewhat more. At the end of the expeiiment the 
plants that had been in the nitrogen had a few small yellow spots on the sur 
face, but sectioning showed that these were only in the surface, where chloro- 
phyll had been injured. The interior was apparently normal. 

In the second experiment with Echinocereus fendleri, which is illustrated 
by text figure 9, 5 plants were used in each container. As will be noticed 
from the graph the experimental and control plants respired practically the 
same at the beginning of the experiment and at the end they were identical 
In between, the control was higher one day and the experimental plants the 
next day. If a curve were drawn through the points the two would be very 
nearly the same. When the plants were taken out of the jar at the com- 
pletion of the experiment one showed some spots that were slightly paler oreen 

than normal, but the others were not different in appearance from the control 
plants. 

^ From these two experiments it is thus evident that Echinocereus fendleri 
is able to respire in the absence of air as readily as in air, without any or with 

very slight suiDerficial injury. No injury deeper than a few millimeters was 
ever noticed. 

Leaves FROM Thik-leaved Plants 

To determine whether other desert plants than cacti would behave in the 
same way as the plants investigated, the respiration of the leaves and young 

me°asure°d ^T1 which had developed during December was also 

measured. ^ The species were Verbena cUiata and Encelia farinosa, the leaves 
of which aie of medium thickness, rather hairy in both plants. 

The experiment with leaves of Encelia farinosa (text fig. 10) shows that 
so hours after nitrogen was introduced the respiration was only 17 Mixent of 
what It had been before. _ The leaves in air still respired 77 percenri much 
as they tod at the beginning. The leaves of Verbena ciliata showed even a 
greater difference between those in nitrogen and those in air. These experi- 
ments on leaves leave no doubt as to the difference between the succulent Scti 

“ r ,T1W “0 0* 'I-' .hri^v* 

wludj tad been in nitrogen were turning black and dried much sooner than 
the control leaves, when left on the laboratory table. These leaves were in “ 
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tal absence of oxygen not more than 41 hours at the most, as the gas passing 
through the bottle showed the presence of oxygen as late as 41 hours before 
the experiment was ended. In this experiment as in others the presence of 
oxygen was detected by passing the gas through a tube containing phosphorus. 
The presence of oxygen was readily detected by the formation of white 
phosphorus pentoxid. 

These experiments show very conclusively that the succulent cactus plants 
are capable of existing in an atmosphere free of oxygen for several days with- 
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Text Fig. 10. Respiration of leaves and young shoots from Encelia farinosa plants. 

The leaves were not over two months old and many much younger. 

out any injury beyond a few millimeters at the surface, and that most of the 
plants are not injured in the least. To this statement must be made the ex- 
ception of two small plants of N eomammillaria micro car pa and the slender 
joints of Opuntia versicolor: In nitrogen they respired either more than the 
control, as in Opuntia engelmannii, or about the same as the control. From 
these experiments it is of course impossible to make any statement concerning 
the type of respiration which takes place under normal conditions. However, 
when one compai'es the injury produced in the thin leaves, caused by a very 
short period of anaerobiosis, with that in the cacti produced during a much 
longer period of oxygen absence, one is forced tO' believe that the interior of 
the cacti is accustomed to the products of anaerobic respiration. Spoehr (3) 
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has shown that in air Opuntia versicolor produces some alcohol, though of 
course much more alcohol is foi'med in the absence of oxygen. Further ex- 
periments must be conducted to test the assumption that anaerobic respiration 
takes place normally in the interior of cacti. 

Summary 

^ I. It has been shown that the cacti Carnegiea gigantea, Ferocactus 
wishseni/Neoimmmillaria microcar pa, Echinocereus fendleri, Opuntia 
engelmami, ■m.i 0 . versicolor are capable of producing as much or nearly as 
much CO, in absence of oxygen as they do in air. This is not true of the 
thin leaves of the desert perennials Encelia farinosa and Verbena ciliata. 

2. When kept under anaerobic conditions for several days most of the 
cactus plants were not injured. Some were injured slightly in the surface 
layers, and one lot of Opuntia versicolor and two small specimens of Neomam- 
millana microcarpa were so badly injured that they later died. 

3. Like tomato fruits, cacti showed a large increase in CO, production 
when air was introduced after the plants had been in nitrogen for some time. 

... writer takes this opportunity to express his appreciation of the fa- 
cilities extended him by the Carnegie Institution of Washington. He wishes 
especially to thank Dr. Shreve, the Director of the Desert Laboratory at 
Tucson, Arizona, for his thoughtfulness in supplying apparatus and material. 
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Dormancy in Seeds of Basswood, Tilia americana L. J, Nelson Spaeth, 
Cornell University, Ithaca, N, Y. — Various lots of basswood fruit and 
extracted seeds with germinative capacities between 70 and 95 percent gave 
no germination within 24 months in the greenhouse. Very little germina- 
tion occurred in similar lots placed in moist storage at various refrigeration 
temperatures or in lots transferred to the greenhouse at 30-day intervals. 
No moisture reached the kernels of many seeds placed under moist con- 
ditions for 24 months. Seeds frozen in liquid air or in carbon dioxid snow 
and ether failed to germinate in 24 months. Extracted seeds treated 12 to 
20 minutes with concentrated sulphuric acid gave 49 to 63 percent germina- 
tion in four months when stratified at 2° to 5^ C. Naked kernels in germi- 
nators at room temperature failed to germinate promptly. Under similar 
conditions naked embryos or embryos freed at the tip by dissecting away a 
small portion of the endosperm, exhibited geotropic curvature within 24 
hours and at least one milimeter elongation of the hypocotyl within 48 
hours. Increasing the oxygen pressure within a germinator induced germi- 
nation of naked kernels with nucellar membrane intact. Removal or 
multiple perforation of the nucellar membrane enabled naked kernels to 
germinate without increased oxygen pressure. Apparently dormancy of 
Tilia seeds is due in part to the effect of the nucellar membrane on oxygen 
intake and in part to impermeability of the testa to moisture. 

The Effect of Removing the Glumes on the Germination of Seeds of 
Poa compressa. Alice M. Andersen, U, S, Department of Agriculture, 
Washington, D. C. — Some seeds require light for germination. Seeds of 
Canada bluegr ass (Poa compressa) have been generally classed in this group. 
To germinate these seeds, they are sown in Petri dishes on filter paper 
moistened with N/50 potassium nitrate solution and placed daily, in the 
light at 30° C. for 6 hours and in the dark at 20° C. for 18 hours during a 
period of 28 days. In a previous experiment on the germination of seeds of 
Poa compressa, the writer found that dilute nitric acid could be substituted 
for potassium nitrate in moistening the filter paper, giving an equal per- 

* Printed and distributed in advance of the regular issue. Dec. 2, 1932. 
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centage of germination. In this experiment seeds, with glumes removed by 
rubbing between several layers of cheese cloth, sown on filter paper 
moistened with water, were compared with seeds with glumes intact sown 
on filter paper moistened in one case with N/50 potassium nitrate and in 
the other with water. In one series several different samples of seeds with 
glumes removed, sown in Petri dishes on filter paper moistened with water 
and placed daily in the light at 30° C. for 6 hours and in the dark at 20° C. 
for 18 hours through a period of 28 days, gave 90 to 95 percent germination, 
which is equal to that obtained with seeds having glumes intact and 
moistened with_ N/50 potassium nitrate solution. The seeds with glumes 
intact and moistened with water gave 60 to 70 percent germination. 
Another series was conducted in the same manner except that the seeds 
received no light. Seeds with glumes removed gave about 60 percent 
germination,^ while seeds with glumes intact and moistened with N/50 
potassium nitrate solution gave 80 to 85 percent germination. The seeds 
with glumes intact and moistened with water gave 20 to 30 percent germi- 
nation. 

The Influence of the Maturation Environment upon the Permeability 
of ^e Seed-coat of Barley. W. H. Tharp, University of Wisconsin, 
Madtson, ITw.— Permeability studies were conducted with three hulless and 
two hulled varieties of barley. Uniform samples of each variety were 
grown (i) under a natural environment, which was relatively dry, and (2) 
under a field moist-cage where high soil moisture and high humidity were 
maintained during maturation. Harvestings were made from each variety 
grown under the stated conditions, at 21 and 28 days following pollinatiori 
and at maturity. The relative permeability of the seed-coats was de- 
termined in two ways: (i) By the rate of absorption from Solutions of 
trichloracetic, nitric and sulfuric acids and iodine-potassium iodid, (2) By 
t e electncal conductivity of seed-coat membranes in solutions of tri- 
^°'^'"®-Potassium iodid, sodium chlorid and potassium 
lodid. A different rate of solute permeation was found, with both methods 
of determination, for each of the five varieties tested. Samples matured 
un Jr the moist-cage were found more permeable than comparable samples 
of the same variety matured in the more arid environment. Likewise the 
prematurely were found to be more permeable than 
cou d R "matured kernels. These differences in relative permeability 
struct, ^'th any comparable variation in the anatomical 
dS seed-coat membranes. Microchemical tests failed to 

membranes from samples of barley exhibiting 

wide differences m rate of permeability. 

Symphoricarpos racemosus. Florence Flemion, 
Boyce Thompson InsMute for Plant Research, Inc., Yonkers, N F-The 
seeds of Symphoricarpos racemosus are characterized by an extremely tough 
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seed coat. When seeds are stratified (mixed with moist peat moss) and 
kept at 1° or 5° C., about 5 to 10 percent germinate in 2| years. When the 
seeds are treated with concentrated sulfuric acid for 45 to 60 minutes before 
stratification, about 40 percent germination is obtained after 7 months at 
5° C. If, instead of being treated with sulfuric acid, seeds are stratified for 
four months at 25° or 30° C. before stratification at low temperature, 75 to 
80 percent of seedlings results. Both the seed coat and the embryo are 
important in connection with the dormancy of these seeds. The effect of 
the tough seed coat can be overcome either by sulphuric acid treatment or 
by a period of high temperature stratification; while the dormancy of the 
embryo is broken by low temperature stratification. 

Chemical and Physiological Studies of After-ripening of Seeds of 
Rhodotypos kerrioides. Florence Flemion, Boyce Thompson Institute for 
Plant Research y Inc,^ Yonkers^ N. Y, — Seeds of Rhodotypos kerrioides 
require an after-ripening period at low temperature before germination takes 
place. When seeds are mixed in moist peat moss, better results are obtained 
if the seeds are stratified for one month at a higher temperature (25° C. or 
30° C.) before the stratification at the low temperature (5° C.). If seeds are 
removed from the low temperature after they are partially after-ripened and 
kept at a high temperature and again placed at low temperature, they 
require a second after-ripening period just as long as if the seeds had not 
been partially after-ripened previously, indicating that at the higher tem- 
perature a vsecondary dormancy developed. Seeds that have been kept for 
several months in dry storage at room temperature produce a somewhat 
higher percentage of seedlings when subsequently subjected to low tem- 
perature treatment. Some changes apparently take place in dry storage 
which make the seeds more responsive to germinative conditions. A study 
of the behavior of excised embryos showed that both the embryo and the 
seed coat play a rble in the dormancy of these seeds. Analyses of the 
seeds at intervals of two weeks during the after -ripening period show that 
the seeds increase in catalase, peroxidase, and lipase activity, and also 
increase in water absorption power, N soluble in 80 percent alcohol, titrable 
acid, and sucrose. The ether soluble fraction decreases as after-ripening 
progresses. 

Dwarf Plants from Unafter-ripened Embryos of Seeds of Rhodotypos 

kerrioides. Florence Flemion, Boyce Thompson Institute for Plant Research^ 
Inc,^ Yonkers, N, Y, — The seeds of Rhodotypos kerrioides require an after- 
ripening period of several months at 5° C. but if the inner and outer coats 
of seeds not after-ripened are removed and the embryos thus excised are 
mixed with moist peat moss at 25° C. and subsequently transferred to soil, 
a small percentage of seedlings results. The seedlings thus produced how- 
ever grow much more slowly than normal and the resulting plants have the 
appearance characteristic of dwarfs. In the experiments with seeds of the 
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1931 crop, the plants exhibited this abnormal growth for about 4 to 7 
rnonths, after which the terminal bud started to grow in a normal manner 
similar to the plants which developed from after-ripened embryos. It 
seems that in the case of unafter-ripened embryos some factor necessary for 
normal growth is lacking, and that this factor develops after several months 
in the dwarf seedlings without a low temperature period. Embryos from 
seeds which have been in dry storage for several months, produce more 
nearly normal seedlings. It is not known at this time whether this is due 
to changes^ which have taken place within the embryo or to the more 
favorable light conditions prevailing when these were planted (April to 
June). These phenomena are being investigated further. 

The Daily Growth of Zea mays. W. E. Loomis, Iowa State College, 
Ames, Iowa.— Young corn plants grow in height only when the temperature 
IS above a minimum of approximately 10° C. and the growing point is well 
supplied with water. Direct sunlight causes a marked water deficit in the 
above ground portions of the corn plant even though the roots are liberally 
supplied with moisture, and quickly stops elongation. Growth is not 
checked by light when the light intensity and humidity relations are such 
that the growing point is able to obtain a normal supply of water. The most 
rapid growth rates in well watered corn were obtained just before sundown 
or on warm, cloudy days. 

_ Tomcity of Normal and Pathological Blood for Living Seedlings. Dr. 

Damll. Macht, Hynson, Westcott ^Dunning, Inc., Baltimore, Md. — Young 
seedlings of Lupmus^ albus are placed in physiological solutions, and the 
growth of the roots in the dark and at constant temperature is carefully 
measured and compared with that of another series of seedlings from the 
same crop, suspended in similar saline plus one percent of blood serum. 
Normal sera from fourteen different species of animals, including man, were 
Judied. These produced a mild inhibition of growth. There is very little 
difference m toxicity for plants between normal blood sera of different 
species of animals. Blood of human beings under certain physiological and 
pathologmal conditions, however, exhibits greater toxicity than normal 

tion nf err " “^"strual blood there is a toxin producing marked inhibi- 
tion of growth and other phytotoxic phenomena. Again, in primary or 

reTreTr which cannot be de- 

forme zoopharmacological methods and which is not present in other 

Sr OthTrT^ ’• ^"“'idary anemia, leukemia, anemia due to cancer, 

thLnf T-"' ^“trable by phytopharmacological methods are 

SrXe no TTf bacterial infections 

liSfonrhrrr Phytopharmacological studies throw 

and a^ uSfur Tn differential diagnosis 

and are useful m following the progress of therapeutic procedures 
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Neophyosis or Rejuvenescence of Nucellar Bud Seedlings in Citrus. 
Walter T. Swingle, U. S. Department of Agriculture, Washington, D. C. — The 
embryo sac is frequently invaded by few-celled buds of nucellar tissue 
which in developing recapitulate very nearly the normal morphological 
structures of the true embryo-cotyledons, epicotyl, and intermediate leaves, 
hypocotyl, collar, tap and primary lateral roots. Recently originated 
ovary-sterile hybrids reproduce almost exactly the original F i seedling but 
old cultivated varieties long propagated vegetatively usually exhibit marked 
rejuvenescence and probably revert approximately to their original youthful 
state. This unexplained recapitulation of embryonic and juvenile mor- 
phology may be due to hormones secreted in the embryo sac apparatus that 
force into activity, in the nucellar bud cells, genes governing embryonal 
ontogeny. The accompanying neophyosis or rejuvenescent action is 
possibly a by-product of these powerful influences which in forcing cells of 
old, more or less senescent, tissue to produce juvenile structures may, at 
the same time, cause them to take on the physiological activities appropriate 
to young and vigorous plants. 

The Decomposition of Chlorophyll by the Animal Body. 0 , L. Inman 
and Paul Rothemund, Antioch College, Yellow Springs, Ohio. — Contents of 
the stomachs of cows and sheep fed on ensilage and on grass were used to 
study the fate of chlorophyll in the animal body. It was found that even 
in the first stomach the complex molecule of chlorophyll underwent partial 
reduction, but that the seat of the major changes in the chlorophyll molecule 
occurred in the third stomach, from which four porphyrins were isolated. 
The subsequent r 61 e of these decomposition products in the organism is 
being studied. Preliminary work on the feeding of rats indicates that one 
at least of these reduction products of chlorophyll may have some definite 
physiological relationship to the blood pigment hemoglobin, the basic 
structure of which is similar to that of chlorophyll. 

Fiber Abnormalities and Pressure Variations within the Boll in 
Gossypium. Wanda K. Farr, U. S. Department of Agriculture, Washing- 
ton, D. C., and Boyce Thompson Institute for Plant Research, Inc., Yonkers, 
N. Y.—G. barbadense L. (Pima) and G. hirsutum Y. varieties Super Seven 
and Acala show increasing numbers of fiber abnormalities in the order 
named and in the ratios of 15 .* 90 : 170. Very few abnormalities occur 
before the twentieth day from the time of fertilization in any one of the 
varieties. Measurements of pressure within the boll during the entire 
period of development indicate that it is relatively small in Pima, moderate 
in Super Seven, and large in Acala. The pressure increases from the 
twentieth day until near the time of dehiscence. These observations 
suggest the possibility that pressure may be one of the important factors in 
the formation of fiber abnormalities. 
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EjSfect of Various Chemicals on the Respiratory Rate and Sugar Content 
of Potato Tubers. Lawrence P, Miller, Boyce Thompson Institute for 
Plant Research, Inc,, Yonkers, N, Y, — When whole tubers are subjected to 
the vapors of such chemicals as ethylene chlor hydrin, ethylene bromohydrin, 
ethyl mercaptan, hydrogen sulfid, ethyl disulfid, and acetaldehyde, large 
increases in the respiratory rate take place. (Ethyl alcohol shows an 
exceptional behavior in causing a decrease in respiratory activity.) These 
increases occur very soon after the beginning of the treatment (24-hr. 
treatnient period), and reach their maximum the second or third day after 
the treatment, after which the respiratory rate of the treated tubers 
gradually falls to a value approaching that of the untreated samples. 
Although many of these treatments result in increases in the sucrose content 
of the tubers and respiratory responses have often been attributed to sugar 
changes, the results do not indicate that this increased respiratory activity 
is caused by the sugar increases. This is shown by the ethylene chlorhydrin 
treatments in which the largest respiratory increase takes place very 
definitely before the sugar increase and there is in fact a drop in sugar 
content at the period of greatest respiratory activity. The sugar content 
subsequently rises while the respiratory rate is falling. 

The Behavior of the Nucleus of the Yeast S. cerevisiae Hansen During 
Cell Division (Budding). Oscar W, Richards, Yale University. — Further 
knowledge of the nuclear behavior of yeast is necessary for the interpretation 
of studies in progress on the growth of the individual yeast cell at various 
times during the cycle of population growth and on the effect of X-radiation 
on the growth of yeast populations. Mitotic division of this yeast has been 
reported by Fuhrman, Swellingreble, and Kater. This view is opposed by 
Wager, Wager and Peniston, Guilliermond and other investigators. Re- 
examination of this problem by staining (including Feulgen), observation 
with the Ultropak lens system and the ultraviolet microscope fails to show 
mitotic division in this species. 

A Comparison of Osmotic Values of Supplying and Receiving Tissues 
and its Bearing on the Miinch Hypothesis of the Translocation Mechanism. 

0 . F. Curtis and H, T. Scofield, Cornell University, Ithaca, N. F.—Miinch 
has proposed a hypothesis to account for the mechanism of transport of 
solutes in plants. This hypothesis demands a pressure gradient leading 
from the supplying cells to the receiving cells. This pressure gradient is 
supposed to result from an osmotic gradient and to cause a unidirectional 
mass flow of cell contents. Osmotic concentrations of several types of 
supplying and receiving tissues have been determined by direct freezing- 
point measurements of the tissues concerned, by measurements of the 
freezing points of extracted saps and by plasmolytic measurements with 
sucrose solutions. Such measurements were made with the following types 
of materials : potato tubers and the sprouts developing from them ; cotyledons 
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of beans and squash and growing regions of the dependent seedlings ; parent 
leaves of Bryophyllum and Sedum and the plantlets developing from them ; 
storage scales of onions and the young leaves as well as root tips drawing 
their supplies from them. For each type of material tested, the osmotic 
gradient leads from the receiving tissue to the supplying tissue. Although 
this does not conclusively demonstrate a turgor gradient in the same direc- 
tion, it does strongly indicate such a gradient. General observations of 
great flaccidity in storage organs, which are supplying more turgid growing 
tissues, support the evidence from quantitative determinations of osmotic 
concentration that turgor gradients frequently, if not consistently, lead from 
the receiving cells to the supplying cells. This evidence clearly tends to 
refute the hypothesis of Miinch which demands a pressure gradient in the 
reverse direction, that is from the supplying cells to the receiving cells. 

Observations on the Effect of pH Value on Oxidase Activity. W. V. 
Cruess, R. N. Jeffrey, and H. M. Pancoast, University of California, 
Berkeley, California. — Oxidase activity as measured by the rate of absorp- 
tion of oxygen by the juices expressed from peaches, apricots, olives, apples, 
avocadoes, asparagus and spinach was greatly affected by pH value. 
Various pH values were secured by acidification with citric acid and by 
addition of NaOH. Absorption of oxygen practically ceased at pH values 
below 2.5. At pH values above pH 4 absorption was more rapid than at 
pH values below 4. At pH values above 7 (alkaline range) absorption of 
oxygen was naturally greatly stimulated, although much of the oxidation 
occurring in the alkaline range was non-enzymic since absorption of oxygen 
by the alkaline juice was appreciable in the absence of oxidase. Catechol 
was added to the juices as a substrate for enzymic oxidation and was found 
to be more satisfactory than several other oxidizable compounds with which 
it was compared. Absorption was measured by means of a gasometric 
apparatus in which the volume change was determined volume trically 
rather than manometrically. CO2 formed during the experiment was 
absorbed in NaOH in order that it would not affect the volumetric readings. 

The Electrokinetic Potential of Latex as an Indicator of Plant Relation- 
ship. Lawrence S. Moyer, University of Pennsylvania, Philadelphia, Pa . — 
Measurements of the isoelectric points of latex particles were made by 
suspending the latex in buffers and studying its electrophoretic mobility in 
a modified Northrup-Kunitz electrophoresis apparatus. The curves of 
mobility (or of electrokinetic potential) plotted against pH proved to be 
quite constant for each species investigated. Over twenty species of the 
genus Euphorbia were so studied. It was found that their curves and 
isoelectric points fall into groups of corresponding shapes. These groups 
agree with the taxonomic relationships already established for the genus. 
Further support is given to the evidence that the surface of the latex 
particle is at least in part coated with protein. 
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The Distribution of Cytisus scoparius in Virginia with Special Reference 

to Soil Reaction. Thomas W. Turner, Hampton Institute, Hampton, Va. 

Cytisus scoparius or Scotch Broom is found growing naturally in small 
patches or along roadsides in four or five different regions of the State: 
around Yorktown and vicinity, Williamsburg and vicinity, Amelia, Hamp- 
den-Sydney and Lynchburg. The time and method of its introduction 
into this section is not definitely known, though it is generally ascribed to 
the period of the Revolutionary campaigns about Yorktown. A study of 
the pH values of the soils in which it is found growing shows a rather 
narrow range, lying between the averages 5.9 and 6.7. Preliminary germi- 
nation experiments with five selected soil types showed leaf mold the most 
favorable. Several factors must be considered in explaining the slow 
natural distribution of Scotch Broom in this area, namely, its narrow pH 
range, frequent tillage driving it from the open places and probably certain 
soil factors limiting seed germination. 

Some Observations on pH Values of Plant Juice and Sap. Arthur 
Willis Barton, Kansas State College, Hays, Kansas. — This investigation is 
being carried on for the purpose of discovering whether there are such great 
variations in the hydrogen-ion concentration of the juice of plants as the 
literature indicates ; whether the sap obtained in the early spring when it is 
“ flowing ” varies as compared with sap or juice expressed from the plant 
tissue; and whether plants that have been injured or become infested with 
fungi and other parasitic organisms have had any change in acidity or 
alkalinity of the liquid that may be obtained from them by appropriate 
means. The determinations of hydrogen-ion concentrations have been 
made with an apparatus using a quinhydrone electrode, also, where possible, 
with a colorimeter scale. The juice, when not flowing, has been obtained 
by grinding in a food chopper and pressing the liquid from the mash thus 
obtained. Most of the data so far obtained indicate that the liquid obtained 
from plants is slightly acid; and that abnormal conditions, such as smut- 
infested corn, produces a slight reduction in the amount of acidity, the 

juice obtained from the smut being nearly alkaline. 

Relation of Growth Cycle to Toxicity of Wound Dressings. J. 5. 

Cooley and J. H. Crenshaw, U. S. Department of Agriculture, Washington, 
D. C. In connection with work on wound dressings on apple trees at 
Hood River, Oregon, it was observed that there was considerable variation 
in toxicity of the same dressing when applied to fresh cuts. Comparable 
wounds were made periodically every month during the year and treated 
immediately with 3 different types of dressing, viz : Bordeaux paste composed 
of dry Bordeaux mixed with water ; Bordeaux mixed with oil to the con- 
sistency of paste ; white lead with linseed oil and a mixture of 4 parts copper 
soap, 7 parts rosin, and 3 parts fish oil. It was noted that killing was very 
pronounced in the fall, even by very mild dressings, and that there was 
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either no killing or very slight injury from the same dressings when applied 
on wounds made in the spring. The close relationship of resistance to 
toxic dressings and the life activity of the plants is attested by the similarity 
of the curves of wound callus formation and resistance and susceptibility 
to injury by wound dressings. Further evidence of some intimate connec- 
tion between toxicity and vital phenomena is also supplied by the fact 
that the curves for positive perennial canker (Gloeosporium perennans) 
infection as obtained by Shear and Cooley, and the curve for toxicity to 
wound dressings are also very similar. 

Carbon Dioxid Storage. III. The Influence of Carbon Dioxid on the 
Oxygen Uptake by Fruits and Vegetables. Norivood C, Thornton, Boyce 
Thompson Institute for Plant Research, Inc., Yonkers, N. Y. — Carbon dioxid as 
one of the end products of respiration in plants might be expected, upon 
accumulation, to exert an inhibiting influence on the respiratory processes 
of the tissues. The present experiments show, however, that in the presence 
of 20 to 70 percent CO2 the rate of oxygen uptake by the tissues is different 
for different tissues and may show increases, decreases, or no effect depend- 
ing upon the tissue studied. The percentage increases or decreases in the oxy- 
gen uptake by various tissues stored in 55 to 65 percent CO2 with 20 percent 
O2 were as follows: Increases by potato (dormant) 83 percent, (non-dormant) 
239 percent, (sprouting) 117 percent; onion bulbs 89 percent; tulip bulbs 
II percent; beet roots 95 percent. Decreases by asparagus shoots 33 per- 
cent; banana fruit 17 percent; strawberry fruit 17 percent; lima bean (green) 
in pod 15 percent; shelled 34 percent. Varying the CO2 content from 8 to 
72 percent did not definitely influence the rate of oxygen uptake by carrot 
roots. The period of storage in the gas is important. The results described 
above for potatoes were obtained during a period of 41 to 144 hours storage; 
for periods of less than 20 hours decreases rather than increases were 
obtained. The storage periods in hours for the other tissues mentioned 
above were as follows; onion bulbs 90; tulip bulbs 68; beet roots 64 to 92; 
asparagus shoots 4 to 24; banana fruit 6 to 37; strawberry fruit 4 to 38; 
lima bean 17 to 24; and carrot roots 21 to 1 15. 

Carbon Dioxid Storage. IV. The Influence of Carbon Dioxid on the 
Acidity of Fruits and Vegetables. Norwood C, Thornton, Boyce Thompson 
Institute for Plant Research, Inc., Yonkers, N. Y. — Since CO2 has acidic 
properties it might be expected that in the presence of a sufficient concen- 
tration of CO2 plant tissues would become more acid. These experiments 
show, however, that storage in CO2 gas causes the juices of plant tissue to 
become more alkaline. The reduction in acidity of the tissue increases with 
increasing concentration of CO2 and with the prolongation of the storage 
period. With some tissues the change is very rapid starting within a few 
hours in storage in 20 percent O2 and 30 to 60 percent CO2. After storage 
in such a gas mixture the pH increase, over the control, in the extracted 
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juice of various tissues was approximately: potato 0.5 to 0.7, carrot 0.5 to 
0.8, asparagus 0.3 to 0.6, beet 0.3 to 0.8, lima bean 0.2 to 0.3, onion bulb 
0.6, apple fruit 0.3, tulip bulb 0.2 to 0.3, banana pulp 0.2 to 0.6, and straw- 
berry fruit 0.17. After removal of dissolved CO2 from the extracted juice 
of potato a greater change in alkalinity, than shown above, was found. 
This change in the alkaline direction in the presence of CO2 is dependent 
upon the presence of oxygen. In the absence of oxygen the change in pH 
is not in the alkaline direction, but in the direction of increased acidity^ 



Nitrogen Fixation by Myxophyceae. Joseph J. Copeland, College of 
the City of New York, New York City, N. Y, — The general status of 
nitrogen fixation is considered briefly. Evidence on the fixation of molecular 
nitrogen by blue-green algae (Myxophyceae) is presented. This data was 
obtained by culturing various strains in nitrogen deficient media ; it consists 
of measurements of the ability or inability to grow normally in the absence 
of combined nitrogen, data on weight increment in such cultures, and direct 
measurements of the increment of total nitrogen in them. The following 
conclusions are reached: (i). Nitrogen fixation is carried on by certain 
Myxophyceae, including strains of Oscillatoria princeps, Oscillatoria formosa, 
SpiruUna labyrinthiformis and Phormidium laminosum; other Myxophyceae 
lack this ability. (2). In this study the nitrogen fixers found were entirely, 
strains from thermal sources; some thermal strains do not seem to possess 
the ability to assimilate free nitrogen. (3). In this study no nitrogen fixers 
found had been secured from waters that contained much combined nitrogen ; 
the nitrogen fixers found were secured from nitrogen deficient warm springs. 
(4). The appearance of blue-green algae grown in nitrogen deficient media 
gives excellent circumstantial evidence of the ability or inability of the 
plant to fix nitrogen. (5). Evidence is given for the existence of physio- 
logical strains of Oscillatoria princeps and 0 . formosa, differing in their 
abilities to assimilate molecular nitrogen. It is suggested that physio- 
logical specialization may occur in other blue-green algae. 


Soil Aeration in Relation to Plant Metabolism. PE. F. Loehwing, 
University of Iowa, Iowa City, Iowa. — Sand cultures of sunflowers supplied 
with neutral Knop’s solution were aspirated with fifty liters of air daily. 
Aerated plants exhibited accelerated growth and greater total stature, 
larger tops and roots but were lower in percentage ash, calcium, phosphorus, 
soluble sugars, hydrolyzable polysaccharides and total nitrogen, though 
they were higher in absolute amounts of the above constituents. Aerated 
tops were higher and roots lower in percentage potassium though controls 
contained smaller total amounts. Top-root ratios of aerated plants were 
much lower. Expressed sap of aerated plants was higher in total solids, 
lower in ash, higher in sugars, lower in total non-nitrate nitrogen, higher 
in oxidation potential, lower in hydrion concentration. Sap of aerated 
roots was less efficiently buffered against acid and alkali in both young 
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and mature plants. Tops, however, were more poorly buffered against 
acid than controls. Specific conductivity of root sap was higher for aerated 
plants but was lower for the sap of young aerated plants though it finally 
reached the same level as controls in mature plants. The cryohydric 
point of control sap was generally lower than that of aerated cultures. 
The above effects appear definitely ascribable to the accelerated growth, 
altered habit and larger bulk of the root system of aerated plants. 

Assimilation of Carbon Dioxid by Apple Leaves under Natural Condi- 
tions. A. J. Heinicke, Cornell University, Ithaca, N. Y, — Marked fluctu- 
ations in the hourly and daily rate of photosynthesis of apple leaves under 
natural conditions are indicated by the difference in CO2 content of “ nor- 
mal ” air and of air which has passed over attached leaves enclosed in 
special assimilation chambers. The highest rate in over 1000 determina- 
tions during i to 5 hour periods was 35 mg. CO2 per hour per hundred Cm^; 
the most common rate between 5 to 10 mg. In order to obtain relatively 
high values, the flow of “ normal ” air on clear days should be about i liter 
per hour for each Cm^ of leaf surface. Occasionally the CO2 respired by 
the leaves during daylight hours exceeds assimilation, but this occurred in 
not over 5 percent of the cases. The rate of respiration of leaves in the 
dark may be as high as 8 mg. CO2 per hour per 100 Cm^ of leaf surface, 
but it is usually less than i mg. The yields during 5-hour periods on bright 
days may be 3 to 5 times as much as on warm, cloudy days. As a rule 
more CO2 is absorbed in the morning than in the afternoon, but high values 
may occur a few hours before sunset. Under the same set of external 
conditions the assimilation of carbon dioxid per unit leaf area of plants 
of the same variety and age may vary as much as 500 percent. The rate 
is clearly influenced by such internal conditions as water supply, nitrogen 
supply, the intensity of green color of the leaf, and the general state of vigor 
of the plant. Under certain conditions, spraying and ringing, which do 
not visibly affect the leaf surface, may greatly reduce photosynthesis. 

Effects of Illuminating Gas on Young Oak Trees. Carl G. Deuher, 
Yale University, New Haven, Conn. — The roots, dormant buds and entire 
potted trees of red and black oak trees were subjected to atmospheres of a 
“mixed” illuminating gas or high concentrations of this gas and air. 
With dormant trees, each of the above methods of subjecting a part of 
the tree or the entire tree to gas resulted in hastening the opening of the 
leaf buds with short exposures to certain volumes of gas. Longer exposure 
periods and larger volumes of gas inhibited the development of the buds 
or killed the trees. Hypertrophy of the lenticels of the roots occurred 
when the roots were exposed to gas. Subjection of the roots of trees in 
foliage to gas resulted in a temporary or permanent wilting of the leaves, 
epinastic growth of the petioles and a partial or complete loss of leaf pig- 
ments. 
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The Effect on Plants of Passing Illuminating Gas through the Soil. 

A. E. Hitchcock, William Crocker, and P. W. Zimmerman, Boyce Thompson 
Institute for Plant Research, Inc., Yonkers, N. Y. — Root systems of potted 
plants were subjected (1) directly to flowing illuminating gas, (2) to illumi- 
nating gas after first passing through water, sodium hydroxid, soil, and 
moss peat, (3) to soil containing residues from a previous passage of illumi- 
nating gas, (4) to gassed soil after leaching with water, (5) to soil which 
was gassed and aerated * and (6) to soil containing a liquid residue condensed 
by low temperature fractionation from illuminating gas. Injury to the 
plant was prevented or lessened when illuminating gas was first passed 
through water, sodium hydroxide, soil, or moss peat, depending on the 
total amount of gas and the kind of plant used. Residual products re- 
maining after passing illuminating gas through soil caused injury or death, 
although no part of the plants had been subjected to flowing gas. Gassed 
soil nearest the inlet was more toxic than that near the outlet. Moderate 
leaching of gassed soil reduced only slightly the injurious effects on the 
plants. Aeration of gassed soil lessened but did not always prevent injurious 
effects on the plant. Some of the effects on the aerial parts as a result of 
gassing the root systems in soil were epinasty, leaf-fall, change in color, 
proliferation, wilting, drying, necrosis, forcing of latent shoot buds, and 
stimulation and initiation of root primordia along the stem. Root injury 
m gassed soil was evidenced by retarded growth, proliferation of main roots 
and killing. Relative toxicity of gassed soils was also determined by 
measuring cyanogen, phenols, and heavy hydrocarbons. 


Initiation and Stimulation of Roots from Exposure to Carbon Monoxid 
Gas. P. W. Zimmerman, William Crocker, and A. E. Hitchcock, Boyce 
Thompson Institute for Plant Research, Inc., Yonkers, N. F.— Potted plants 
of 80 species were exposed in Wardian cases to carbon monoxid. This gas 
induced definite rooting responses in 30 species of herbaceous and woody 
types. The following variations in response were noted: (i) initiation of 
adventitious roots from young tissues on the stems or leaves, (2) stimulation 
of preexisting root primordia on the stems, (3) modification of soil roots 
in response to gravity, and (4) various combinations of these three types 
of response. The gas was effective over a wide range of concentrations 
from 0.05 percent to 50 percent. The time of exposure necessary to induce 
the response varied with the species from two days for the tomato to twenty 
days for hydrangea. Carbon monoxid induced root initiation in young 
stem tissue of ii species; caused stimulation of preexisting root primordia 
m 20 species; caused special nodal rooting in 8 species; and induced roots 
to form on leaves of 3 species. Hydrangea macrophylla, Nicotiana tabacum, 
and Impahens balsamina responded by producing roots from a short zone 
on the stem representing the region of elongation when the treatment began. 

o acco cu Rings from tips of treated plants grew large root systems in 
five days. Control cuttings required 15 days to produce comparable roots 
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Carbon monoxid is specific for inducing root formation, no shoot primordia 
having formed. Three other gases, acetylene, propylene, and butylene, 
have been found effective for inducing root primordia to form somewhat as 
reported for carbon monoxid. 

The Effect of Carbon Monoxid on Plants. P. W. Zimmerman, William 
Crocker, and A. E. Hitchcock, Boyce Thompson Institute for Plant Research, 
Inc., Yonkers, N. F. — NInety-six species of plants have been exposed in 
Wardian cases to various concentrations of carbon monoxid gas. The 
plants varied widely in their susceptibility and types of responses, the most 
important of which were as follows: (i) epinastic growth of leaves, (2) 
modification in rate of aging of leaves, (3) abscission of leaves, flower 
buds, and fruits, (4) abnormal development of lenticular tissue, (5) modifi- 
cation in rate of growth, and (6) modification in size of leaves produced 
while the plants were in the gas. Thirty-six species showed epinasty of 
leaves; the majority of the species tested showed an increase in the rate 
of aging and early abscission of old leaves. Three species showed abscission 
of the young leaves earlier than the old ones. Growth was retarded in 
varying degrees but not entirely stopped. New organs produced while 
the plants were in gas were usually abnormal. Leaves, for example, 
became progressively smaller as the treatment was continued. Mimosa 
pudica in one percent carbon monoxid became anaesthetized and became 
insensitive to external stimuli. Motion pictures show that the leaves lose 
their correlation and move rapidly in various directions. 

The Effect of Ether and Chloroform upon the Rate of Photosynthesis 
in Detached Leaves of Acer negundo. Raymond H. Wallace, Conn. 
Agricultural College, Storrs, Conn. — A series of quantitative experiments 
with ether and chloroform has shown that it is possible to stop the process 
of photosynthesis only with lethal concentrations of these vapors. The 
experiments were run during the months of June, July and August. All 
tests were made on detached leaves in hermetically sealed containers 
immersed in a constant temperature bath at 25° C. Inlet and outlet tubes 
on the sealed chambers enabled one to make up any desired combination of 
gases and analyze these atmospheres at any time. The rates of photo- 
synthesis were determined by gas analysis of the enclosed atmospheres 
after given exposures to light. Figures and descriptions of the apparatus 
are given. The concentrations of ether tested ranged from 2 percent ether 
vapor and 98 percent air to 35 percent ether vapor and 65 percent air. 
Even in the highest concentration the process did not cease at once, but 
only gradually along with leaf discoloration and other evidences of death 
from the ether treatment. Concentrations causing no apparent injury to 
the leaves likewise had no apparent retarding effect on the process. On 
the contrary there were numerous cases in which the application of sublethal 
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concentrations of ether vapor increased markedly the rate of photosynthesis. 
This increase in the rate can probably be attributed directly to the increase 
in stomatal opening on exposure to ether. The stomata of many plants 
will open when placed in water solutions of ether. A series of chloroform 
concentrations from | percent to 5 percent has failed to show either a 
definite increase or decrease in the rate of photosynthesis. It has likewise 
' been impossible to obtain opening of stomata on treatment with chloroform 
vapor. Tables and curves for the various tests are given. 

Eliminating the Use of Calcium Carbonate in Preparing Plant Tissue 
for Analysis. F. E. Denny ^ Boyce Thompson Institute j or Plant Research^ 
Inc., Yonkers, New York. — The addition of calcium carbonate in the 
preparation of plant tissue for analysis has been assumed to be necessary 
in order to neutralize plant acids and to prevent the hydrolysis of sucrose. 
Since the excess carbonate in the plant residues interferes with analyses for 
various constituents, a satisfactory procedure omitting calcium carbonate 
would be desirable. In determining the sucrose content of the tissues of 
13 different species of plants it was found that similar values were obtained 
whether or not calcium carbonate was added to the boiling alcohol into 
which the sample of tissue was dropped in preparing the tissue for analysis. 
It was found that calcium carbonate did not neutralize the acidity of juices 
of acid fruits in alcoholic solution, the pH values being displaced only 
slightly in the alkaline direction. The hydrolysis of sucrose by the organic 
acids, oxalic, citric, tartaric, and malic, in 70 percent alcoholic solution was 
measured at different pH values and with different periods of heating. 
With one hour’s heating in boiling 70 percent alcohol, no hydrolysis occurred 
at pH 5.0, with any of the acids, and even at pH 4.0 inversion by citric, 
malic, and tartaric was slight, only oxalic being effective under these 
conditions. At pH 3.0 measurable hydrolysis was found but by suitably 
adjusting the temperature of the alcohol and the duration of contact with 
alcohol at that temperature, conditions for the preparation of tissues for 
analysis and for their extraction without inverting sucrose were found. 

Weight of Plant Tissue Produced in Relation to the Efficiency of an 
Incandescent Filament Lamp. John M. Arthur, Boyce Thompson Institute 
for Plant Research, Inc., Yonkers, N. Y. — Buckwheat seedlings were grown 
for periods of 12 to 14 days with 500- watt lamps operating continuously 
at 10, 20, and 30 lumens-per-watt efficiency, respectively. Air temperature 
and humidity were held constant by standard air-conditioning machinery. 
The 10, 20, and 30 lumen-per-watt lamps at 33.5, 42.5, and 57.5 inches, 
respectively, above the soil gave the same foot-candle illumination as 
measured by the Weston Photronic cell. With the lamps arranged at these 
distances the dry and wet weights of plant tissue produced were also 
approximately the same. The illumination under each lamp at the soil 
level was approximately 205 foot candles. The total energy value at the 
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soil level under the 30 lumen-per-watt lamp as measured by three different 
types of thermopiles was found to be only 49 percent of that under the 

rln The dry weight production of plant tissue follows 

se y the foot candle intensity as measured by a Weston Photronic cell 
with a maximum sensitivity in the yellow region and is not related to the 
total energy output of the lamps as measured by thermopiles. Energy in 
e infra-red region is therefore of no value in the production of dry weight 
^5^5“ C conditions, at an air temperature of 
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Acalypha virginica seeds, 788 
Acer Negundo — 

detached leaves, photosynthesis and ether 
and chloroform, 847 
transpiration, 362 
Achillea Millefolium seeds, 790 
Acidity of fruits and vegetables, influence of 
carbon dioxid on, 843 
Acnida tuberculata seeds, 786 
Adiantum — 
decoratum, 165 
Kjllipii, 166 

two new tropical American species, 165 
Aeration, soil, and plant metabolism, 844 
Aesculus — 
calif ornica, 406 

Parryi, Lower California Buckeye, 406 
After-ripening, seeds of Rhodotypos kerri- 
oides, 837 

Agaricus campestris, nutrition, 514 
Agropyron tenerum seeds, 785 
A grostis hyemalis seeds, 785 
Alcohol separation of empty seed, and its 
effect on the germination of red 
spruce, I 
Alder, lignin, 731 

Alfalfa, Colletotrichum circinans on, 21 
Alisma— 

Physoderma on, 64 
Plantago-aguatica seeds, 785 
Alismaceae, weed seeds, 785 
Allionia nyctaginea seeds, 786 
Allium cepa, Colletotrichum circinans on, 15 
lignin, 731 


Alopecurus geniculatus seeds, 785 
Althaea rosea, chromosome number, 128 
Amaranthaceae, weed seeds, 786 
Amaranthus, seeds — 
hlitoides, 786 
graecizans, 786 
retroflexus, 786 
Ambrosia, seeds — 
artemisiaefolia, 790 
trifida, 790 

Ambrosiaceae, weed seeds, 790 
America, tropical, two new species of 
Adiantum, 165 

Amoebochytrium rhizidioides, thallus, 58 
Anabaenopsis — 

Arnoldii, 457 

circularis, 456; vox. javanica, 455 
Cunningtonii, 457 
Elenkinii, 461 
luzonensis, 460 
notes, 454 
philippinensis, 458 
Raciborshii, 461 
tanganyikae, 461 

Analysis, preparing plant tissue for, elim- 
inating use of calcium carbonate in, 
848 

Anatomy — 

castor bean, 538 

floral organs of Buginvillaea glabra, 814 
Fouguieria splendens, 673 
Andersen, Alice M. The effect of remov- 
ing the glumes on the germination 
of seeds of Poa compressa, 835 
Anemone canadensis seeds, 787 
Anthoceros plastids, 660 
Apiaceae, weed seeds, 788 
Apocynaceae, weed seeds, 788 
Apocynum hypericifolium seeds, 788 
Apple leaves, carbon dioxid assimilation, 
\ 845 

Arabis hirsuta seeds, 787 
Arctium minus seeds, ^<)Q 
Arcyria virescens in northwestern Oregon, 
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Artemisia^ seeds — 
biennis, 790 
caudata, 790 

Arthur, John M. Weight of plant tissue 
produced in relation to the efficiency 
of an incandescent filament lamp, 
848 

Asclepiadaceae, weed seeds, 788 
Asclepias syriaca seeds, 788 
Aspergillus niger, citric acid production, 559 
Aspidium marginale, regeneration and poly- 
ploidy, 312 

Asplenium platyneuron, regeneration, 308 
Asteraceae, weed seeds, 790 
Astragalus, seeds — 
crassicarpus, 787 
flexuosus, 787 

Athyrium filix-femina, regeneration, 309 
A triplex, seeds — 
argentea, 786 
hastata, 786 
patula, 786 
rosea, 786 

Avena fatua seeds, 785 
Axyris amaranthoides seeds, 786 

Baldwin, Henry I. Alcohol separation of 
empty seed, and its effect on the 
germination of red spruce, i 
Barley seed-coat, permeability, 836 
Barton, Arthur Willis, Some observa- 
tions on pH values of plant juice and 
sap, 842 
Basswood — 
lignin, 732 
seed dormancy, 835 
Bean plants — 

Colletotrichum circinans on, 13 
Sclerotinia from, 810 
water absorption, 158 
Beckmannia erucaeformis seeds, 785 
Beet, Colletotrichum circinans on, 14 
Begonia Schmidtiana, sporogenesis and sex 
determination, 365 

Bergman, H. F. Intracarpellary fruits and 
other central proliferations of the 
floral axis in Hibiscus, 600 
BerteroaincanaQ^&<Xs,j^’j 
Beta vulgaris, Colletotrichum circinans; on, 14 
Bidens, seeds — 
acuta, 790 
frondosa, 790 
vulgata, 790 


Biota, embryo system, 235 
Blakeslee, Albert F. (See John T. 
Buchholz, 604) 

Blood, toxicity for seedlings, 838 
Boll, Gossypium, pressure variations, 839 
Boltonia asteroides seeds, 790 
Boraginaceae, weed seeds, 789 
Box elder, transpiration, 363 
Brassica — 

Colletotrichum circinans on — 
alba, 14 

oleracea var. capitata, 15 
seeds — 
arvensis, 787 
juncea, 787 
nigra, 787 

Brassicaceae, weed seeds, 787 
Brauneria angustifolia seeds, 790 
Brevoortia ida-maia, chromosomes, 782 
Broomcorn cuttings, 465 
Bryophyllum — 
calycinum — 
foliar embryos, 443 
regeneration morphology, 32 
water absorption, 157 
crenatum, Colletotrichum circinans on, 16 
Bryophyte plastid and Golgi apparatus, 659 
Buchholz, J. T. — 

The embryogeny of Chamaecyparis obtusa, 
230 

and Albert F. Blakeslee. Pollen-tube 
growth in primary and secondary 
2 n A- I Daturas, 604 
Buckeye, Lower California, 406 
Buckwheat, Colletotrichum circinans on, 13 
Budding, yeast, behavior of nucleus, 840 
Buginvillaea, floral organs — 
glabra, 814 
spectabilis, 817 

Bursa Bursa-pastoris seeds, 787 

Cabbage, Colletotrichum circinans on, 14 
Cacti, anaerobic respiration, 823 
Cakile edentulata seeds, 787 
Calcium carbonate, eliminating use of, in 
preparing plant tissue for analysis, 848 
Callirhoe involucrata, chromosome number, 
128 

Camelina, seeds — 
dentata, 

microcarpa, 787 
sativa, 787 

Candle bush anatomy, 673 






f 




INDEX TO VOLUME XIX 


853 


Capparidaceae, weed seeds, 787 
Caprifoliaceae, weed seeds, 789 
Carbohydrate properties in relation to clim- 
ate of habitat, 168 
Carbon dioxid — 

and acidity of fruits and vegetables, 843 
assimilation by apple leaves, 845 
influence on oxygen uptake by fruits and 
vegetables, 843 
storage, 843 
Carbon monoxid — 
effect on plants, 847 
initiation and stimulation of roots, 846 
Carex, seeds — 
festucacea, 785 
vulpinoidea, 785 

Carica papaya, water absorption, 151 
Carnegiea gigantea, anaerobic respiration, 
823 

Carya — 

cataphyll and foliage leaf ontogeny — 
Buckleyi var. arkansana, 75 
prophyll — 
alba, 724 

Buckleyi var. arkansana, 710 

cordiformis, 723 

glabra, var. megacarpa, 724 

laciniosa, 723 

ovalis var. obovalis, 724 

ovata, 723 

pallida, 724 

pecan, 723 

Caryophyllaceae, weed seeds, 786 
Gastilleja sessili flora seeds, 789 
Castor bean — 
anatomy, 538 

Colletotrichum circinans on, 15 
Cataphyll ontogeny in black hickory, 75 
Catenaria Anguillulae, thallus, 68 
Catharinaea plastids, 662 
Celery, Sclerotinia from, Sio 
Cenchrus pauciflorus seeds, 785 
Ceratophyllum demersum, water movement, 
702 

Chaetochloa, seeds— 
glauca, 785 
viridis,‘j 8 $ 

Chaetomium in mushroom beds, 529 
Chamaecy Paris, embryos — 
obtusa, 2$o 
ihujoides, 22>0 

Chemistry, plant cell wall: lignin, 729 
Chenopodiaceae, weed seeds, 786 


Chenopodium, seeds — 
album, 786 
Berlandieri, 786 
gigantospermum, 786 
leptophyllum, 786 
rubrum, 786 
Standleyanum, 786 
Chloroform and photosynthesis, 847 
Chlorophyll decomposition by animal body, 
839 

Chromosomes — 

behavior in triploid Petunia hybrids, 340 
Liliaceae, Californian, 779 
Lycopersicum pimpinellifolium, 812 
morphology and meiotic behavior in 
typical and variant forms of 
Kniphofla aloides, 41 1 
number in Althaea rosea, Callirhoe in- 
volucrata, and Plihiscus coccineus, 128 
Shepherdia canadensis, 429 
Chrysanthemum — 

cuttings, water absorption, 162 
leucanthemum seeds, 790 
Chrysler, M. A. A new cycadeoid from 
New Jersey, 679 
Chytrid thallus organization, 41 
Chytridiales, thallus organization, 41 
Chytridium Olla, thallus, 46 
Cichoriaceae, weed seeds, 790 
Cicuta maculata seeds, 788 
Cirsium, seeds — 
arvense, 790 
megacephalum, 790 
Citrange, oil in juice sacs, 102 
Citric acid production by Aspergillus niger, 
559 

Citron, oil in juice sacs, 103 ■ 

Citrus — 

neophyosis or rejuvenescence of nucellar 
bud seedlings, 839 
oil in juice sacs — 
aurantifolia, 103 
Aurantium, loj 
fruits, 1 01 
Hystrix, 103 
Limonia, 103 
maxima, 102} 
medica, 103 
mitis, 103 

nobilis, Y 3 XS. deliciosa, unshiu, 102 
sinensis, 103 

Webberi Ysar. montana, 102} 
Cladochytriaceae, thallus, 45 
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Cladochytrium, thallus — ■ 
polystomuntf 6o 
replicatum, 6o 
tenue, 59 

Cleome serrulata seeds, 787 
Clidemia, from South America — 
calcarata, 748 
fissinervia, 748 
laevifolia, 749 
rigida, 750 

Clover, Colletotrichum circinans on, 15 
Coleus Blumei, water absorption, 157 
Colletotrichum circinans^ specificity to pene- 
tration by, 13 
Collomia linearis seeds, 788 
Comatricha, in northwestern Oregon — 
pacifica, 139 
reticulata, 140 

Commelinaceae, weed seeds, 785 
Conringia orientalis seeds, 787 
Convolvulaceae, weed seeds, 788 
Convolvulus repens seeds, 788 
Cooley, J. S., and J, H. Crenshaw. Rela- 
tion of growth cycle to toxicity of 
wound dressings, 842 

CooLiDGE, Elizabeth B. (See Margaret 
C. Ferguson, 644) 

Cooper, D. C. — 

The anatomy and development of the 
floral organs of Buginvillaea glabra, 814 
The chromosomes of Shepherdia canaden- 
sis, 429 

The development of the peltate hairs of 
Shepherdia canadensis, 423 
Copeland, Joseph J. Nitrogen fixation by 
Myxophyceae, 844 
Coreopsis tinctoria seeds, 790 
Corispermum, seeds — 
emarginatum, 786 
nitidum, 786 
villosum, 786 
Corn cuttings, 465 
Cotton-— 

Colletotrichum circinans on, 
female gametophyte and embryo develop- 
ment, 795 

Couch, John N. The development of the 
sexual organs in Leptolegnia caudata, 

584 

Cranberry — 

fruits, cuticle thickness, 432 
stomatal apparatus, 508 
Crenshaw, J. H. (See J. S. Cooley, 842) 




Cribraria oregana in northwestern Oregon, 
142 

Crocker, William— 

(See A. E. Hitchcock, 846) 

(See P. W. Zimmerman, 846, 847) ' 
Cruess, W. V., R. N. Jeffrey, and H. M. 
Pancoast. Observations on the 
effect of pH value on oxidase activity, 
841 

Cucumber, Colletotrichum circinans on, 14 
Cucumis sativus, Colletotrichum circinans on, 

14 

Cucurbita maxima, Colletotrichum circinans 
on, 14 

Cummins, George B. The full-cycle Puc- 
cinias on Onagraceae in North Amer- 
ica, 334 

Cupressineae, embryos, 230 
Curtis, 0 . F., and H. T. Scofield. A 
comparison of osmotic values of 
supplying and receiving tissues and 
its bearing on the Munch hypoth- 
esis of the translocation mechanism, 
840 

Cuscuta, seeds — 
arvensis, 788 
Cephalanthi, 788 
Coryli, 788 

Cuscutaceae, weed seeds, 788 
Cuticle thickness in cranberry fruits, 432 
Cuttings, propagating sorghum by, 464 
Cyanogen and oxalate in plants, 255 
Cycadeoid, new, from New Jersey, 679 
Cycadeoidea peridermalis, from New Jersey, 
689 

Cycas circinalis, bundles, 684 
Cycloloma atriplicifolium seeds, 786 
Cyperaceae, weed seeds, 785 
Cyperus, seeds — 
diandrus, 785 
esculentus, 785 
Schweinitzii, 785 

Cystopteris fragilis, regeneration, 309 
Cytisus scoparius, distribution in Virginia, 
with special reference to soil reaction, 
842 

Datura — 

pollen-tube growth, 604 
Stramonium, chromosomes, 621 
Davis, Ward B. Deposits of oil in the 
juice sacs of citrus fruits, 1 01 







INDEX TO VOLUME XIX 


855 


Denny, F. E. Eliminating ' the use of 
calcium carbonate in preparing plant 
tissue for analysis, 848 
Deuber, Carl G. Effects of illuminating 
gas on young oak trees, 845 
Development — 

EntomopMhora fumosa, 205 
Zonaria Farlowii, 239 

Dianema depressum in northwestern Ore- 
gon, 143 

Dichelostemma, chromosomes — 
calif ornicum, 780 
capitatum, 780 
muUiflorum, 780 
pulchellum, 780 

Bichorisandra macrophylla from South 
America, 740 

Dicksonia punctilobtila, regeneration, 308 
Dicranostyles sericea from South America, 

751 

Dictyotaceae, morphological studies, 239 
Didymium trachisporium in northwestern 
Oregon, 137 
Diplophlyctis — 
intestina, thallus, 51 
t hall us, 43 
Dormancy, seeds — 

Symphoricarpos racemosus, 836 
Tilia americana, 835 
Douglas Fir, lignin, 732 
Dracocephalum parviflorum seeds, 789 
Drymocallis arguta seeds, 787 
Dwarf plants from unafter-ripened embryos 
of seeds of Rhodotypos herrioides, 837 

Echinocereus Fendleri, anaerobic respira- 
tion, 823 

EchinocUoa crusgalli seeds, 785 
Elaeagnus angustifolia, peltate hairs, 423 
Eleocharis seeds — 

Engelmannif 785 
palustrisj 785 
Elodea— 
canadensis — 

light and stability of protoplasm, 547 
permeability of protoplasm, 569 
densa, water movement, 697 
plastids, 663 

Elymus canadensis seeds, 785 
Embryogeny, Chamaecyparis obHisa, 230 
Embryos-- 

development in cotton, 795 

foliar, Bryophyllum caiycinunif 


Embryos (cont.) — 

unafter-ripened, of Rhodotypos herrioides, 
dwarf plants from, 837 
Encelia farinosa, anaerobic respiration, 823 
Entomophthora fumosa, morphology and 
development, 205 
Entophlyctis, thallus, 43 
Environment, maturation, influence on 
permeability of barley seed-coat, 836 
Epidermis, specificity to penetration by 
pathogenic fungus hyphae, 12 
Epilobium, Puccinia Veratri on, 334 
Eragrostis — 
seeds — 
cilianensis, 
pilosa, 785 

silveana, from Texas, 438 
Erucastrum Pollichii seeds, 787 
Erysimum, seeds — 
asperum, 787 
cheiranthoides, 787 
parviflorum, 787 

Eschscholzia californica, Colletotrichum cir- 
cinans on, 15 

Ether and photosynthesis, 847 
Eupatorium perfoliatum seeds, 790 
Euphorbia, seeds — 
esula, 788 
humistrata, 788 
nutans, 788 
serpyllifoHa, 788 
Euphorbiaceae, weed seeds. 788 
Evans, Alexander W. A new Plagio- 
chasma from Texas, 627 
Ezekiel, W. N. (See J. J. Taubenhaus, 
808) 

Fabaceae, weed seeds, 787 
Fagopyrum esculentum, Colletotrichum cir- 
cinans on, 14 

Farr, Wanda K. Fiber abnormalities and 
pressure variations within the boll in 
Gossypium, 839 
Ferguson, Margaret C — 
and Alice M. Ottley. Studies on 
Petunia III. A redescript ion and ad- 
ditional discussion of certain species 
of Petunia, 

and Elizabeth B. Coolidge. A cyto- 
logical and a genetical study of 
Petunia IV. Pollen grains and the 
method of studying them, 644 


856 


INDEX TO VOLUME XIX 





Ferns — ■ 

maidenhair, new, 165 
regeneration and induced polyploidy, 303 
Ferocactus WisUzeni, anaerobic respiration, 
823 

Festuca ligulata from Texas, 436 
Fiber abnormalities and pressure variations 
within the boll in Gossypium, 839 
Fig trees, Sclerotinia from, 810 
Fir, lignin, 732 
Flemion, Florence — 

Chemical and physiological studies of 
after-ripening of seeds of Rhodotypos 
kerrioides, 837 

Dormancy in seeds of Symphoricarpos 
mcemosus, 836 

Dwarf plants from unafter-ripened 
embryos of seeds of Rhodotypos 
kerrioides^ 837 

Floral organs, Buginvillaea glabra, anatomy 
and development, 814 
Flower variations, Stellaria media, 477 
Fortunella margarita, oil in juice sacs, 103 
Foster, Adriance S. Investigations on 
the morphology and comparative 
history of development of foliar 
organs — 

III. Cataphyll and foliage-leaf ontogeny 
in the black hickory (Carya Buckleyi 
var. arkansana), 75 

IV. The prophyll of Carya Buckleyi var. 
arkansana, 710 

Fouquieria splendens, anatomy, 673 
Fruits — 

carbon dioxid and acidity, 843 
citrus, oil in juice sacs, loi 
cranberry, cuticle thickness, 432 
influence of carbon dioxid on oxygen up- 
take, 843 

intracarpellary, in Hibiscus, 600 
Fuchsia magellanica, water absorption, 157 
Fungus, pa.thogenic, specificity to penetra- 
tion of epidermis by, 12 

Galium boreale seeds, 789 
Gametophytes — 

female, development in cotton, 795 
Selaginella Kraussiana, 106 
Gas, illuminating — 
and young oak trees, 845 
in soil, and plants, 846 
Gauropsis, Oenothera subgenus, 755 


Gayophytum, 755 

diffusum, 769; vars. typicum, villosum, 

773 

eriospermum, 769 

Helleri, 769; vars. glabrum, typicum, 776 
humile, 769; vars. hirtellum, typicum, 777 
lasiospermum, 769; vars. Hoffmannii, 
typicum, 774 
micranthum, 769 

Nuttallii, 769: vars. Abramsii, inter- 
medium, typicum, 771 
racemosum, 769; vars. caesium, typicum, 
775 ^ 

ramosissimum, 769 
strictum, 778 

Gentiana procera seeds, 788 
Gentianaceae, weed seeds, 788 
Germination — 

Mimulus ringens, and light, 632 
Poa compressa, 835 

red spruce, affected by alcohol separation 
of empty seed, i 
Geum canadense seeds, 787 
Gilbert, Henry C. (See Morton E. Peck, 

131) 

Gleason, H. A. Some undescribed flower- 
ing plants from South America, 740 
Glucosides, cya nogenet ic, properties in 
relation to climate of habitat, 168 
Glumes, effect of removing, on germination 
of seeds of Poa compressa, 835 
Glycyrrhiza lepidota seeds, 787 
Golgi apparatus and bryophyte plastid, 659 
Gore, U. R. Development of the female 
gametophyte and embryo in cotton, 
795 

Gossypium — 
barbadense, embryo, 796 
fiber abnormalities and pressure varia- 
tions within the boll, 839 
hirsutum — 

Colletotrichum circinans on, 14 
embryo, 796 

peruvianum, embryo, 796 
Graffenrieda stellipilis from South America, 
742 

Grapefruit, oil in juice sacs, loi 
Grasses, new — 
from Texas, 436 
genus Peniculus, 581 
Gratiola virginiana seeds, "/Sg 
Grindelia sguarrosa seeds, 790 
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Growth — 

cycle and toxicity of wound dressings, 
842 

daily, Zea Mays, 838 

Gustafson, Felix G. Anaerobic respira- 
tion of cacti, 823 

Hairs, peltate, Shepherdia canadensis, 423 
Harlow, Wm. M. Contributions to the 
chemistry of the plant cell wall VI. 
Further studies on the location of 
lignin in the cell walls of wood, 729 
Harpochytrium Hedenii, thallus, 46 
Hartmannia, Oenothera subgenus, 755 
Haupt, Arthur W. Structure and devel- 
opment of Zonaria Farlowii, 239 
Hedeoma hispida seeds, 789 
Hein, Illo. Origin of the intercellular 
spaces in Pediastrum, 218 
Heinicke, a. J. Assimilation of carbon 
dioxid by apple leaves under natural 
conditions, 845 

Helenium montanum seeds, 790 
Helianthus — 
annum — 
seeds, 790 

water absorption, 157 
Maximiliani seeds, 790 
petiolaris seeds, 790 
tuberosus seeds, 790 
Heliopsis scabra seeds, 790 
Hemitrichia leiotricha in northwestern Ore- 
gon, 145 

Hesperis matronalis seeds, 787 
Hibiscus — 

coccineus, chromosome number, 128 
intracarpellary fruits and other prolifera- 
tions, 600 

Hickory, black, cataphyll and foliage-leaf 
ontogeny, 75 
Hitchcock, A, E. — 

(See P. W. Zimmerman, 846, 847) 
William Crocker, and P. W. Zimmer- 
man. The effect on plants of passing 
illuminating gas through the soil, 846 
Honduras, British, new grass genus Peni- 
culus, 581 

Hooker a, chromosomes— 
calif ornica, y 80 
cor onaria, y 80 
minor, 780 
stellaris, y8o 

Hordeum jubatum seeds, y8^ 


Hosackia americana seeds, 787 
Humphrey, L. M. The chromosomes of 
Lycopersicum pimpinellifolium, 812 
Hutchings, Selar S. Light in relation to 
the seed germination of Mimulus 
ringens L., 632 

Hybrid oats, inheritance of smut resistance, 

194, 273 

Hybrids, triploid Petunia, chromosome 
behavior, 340 

Hydrophyllaceae, weed seeds, 788 
Hyphae, specificity to penetration of 
epidermis by, 12 
Hyphoch3rtriaceae, thallus, 45 
Hyphochytrium mfestans, thallus, 68 

Ilysanthes dubia seeds, 789 
Inheritance of smut resistance in hybrid 
oats, 194, 273 

Inman, 0 . L., and Paul Rothemund. The 
decomposition of chlorophyll by the 
animal body, 839 
Iridaceae, weed seeds, 785 
Iva, seeds — 
axillaris, 790 
xanthiifolia, 790 

Jeffrey, R. N, (See W. V. Cruess, 841) 
Johansen, Donald A. The chromosomes 
of the Californian Liliaceae I, 779 
Johnson, Burt. Specificity to penetration 
of the epidermis of a plant by the 
hyphae of a pathogenic fungus, 12 
Juncaceae, weed seeds, 785 
Juncus, seeds — 
bufonius, 785 
Torreyi, 785 

Juniperus virginiana, transpiration, 362 

Karling, John S. Studies in the Chy- 
tridiales VI 1 . The organization of 
the chytrid thallus, 41 
Karper, R. E. (See H. E. Rea, 464) 
Kesseler, Ernst von. Observations on 
chromosome number in Althaea rosea, 
Callirhoe involucrata, and Hibiscus 
coccineus, 128 

Kniphofia aloides, chromosome morphology, 

411 

Kochia scoparia seeds, 786 
Koellia ftexuosa seeds, 789 
Kramer, Paul J. The absorption of water 
by root systems of plants, 148 
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Lachnobolus congestus in northwestern Ore- 
gon, 144 
Lactuca - — 

saliva, Colletotrichum circmans on, 15 
scariola seeds, 790 
Lamiaceae, weed seeds, 789 
Lappula, seeds— 
americana, 789 
echinata, ySg 

Latex, electrokinetic potential of, as an indi- 
cator of plant relationship, 841 
Lawton, Elva. Regeneration and induced 
polyploidy in ferns, 303 
Leaves — , 

Acer Negundo, detached, photosynthesis 
and ether and chloroform, 847 
apple, carbon dioxid assimilation, 845 
foliage, ontogeny in black hickory, 75 
Lemon, oil in juice sacs, 102 
Leonurus cardiaca seeds, 789 
Lepeschkin, W, W. — 

Influence of visible and ultraviolet rays 
on the stability of protoplasm, 547 
The influence of narcotics, mechanical 
agents, and light upon the permeabil- 
ity of protoplasm, 568 
Lepidium, seeds— 

787 w % 

ramosissimum, 787 

Leptolegnia caudata, sexual organs, develop- 
ment, 584 

Lettuce, Colletotrichum circinans on, 15 
Licea tenera in northwestern Oregon, 141 
Light— 

and permeability of protoplasm, 568 
and seed germination, Mimulus ringens, 
632 

intensity and castor bean anatomy, 538 
Lignin, location of, in cell walls of wood, 729 
Liliaceae — 
chromosomes, 779 
weed seeds, 785 
Lime, oil in juice sacs, 103 
Limequat, oil in juice sacs, 103 
Linaceae, weed seeds, 788 
Linaria vulgaris seeds, 789 
Linum, seeds — 

. Lewisii, 
rigidtim, 788 
sulcatum, 788 
usitatissimum, ySS 
Liquidambar Styraciflua^ lignin, 732 


Loehwing, W. F. Soil aeration in relation 
to plant metabolism, 844 
Loomis, W. E. The daily growth of Zea 
Mays, 838 

Lower California Buckeye, 406 
Ludwigia alternifolia seeds, 788 
Lupine, Colletotrichum circinans on, 15 
Lupinus luteus, Colletotrichum circinans on, 

' T5 ■ 

Lycopersicum — 
esculentum — 
chromosomes, 812 
Colletotrichum circinans on, 14 
water absorption, 157 
pimpinellifolium, chromosomes, 812 
Lycopus, seeds^ — ■ 
americanus, 789 
lucidus, 789 

Macht, David L Toxicity of normal and 
pathological blood for living seed- 
lings, 838 

Macrocalyx Nyctelea seeds, 789 
Mahonia Aquifolium, transpiration, 362 
Malva borealis seeds, 788 
Malvaceae — 

chromosome numbers, 128 
weed seeds, 788 

Manure compost and mushrooms, 514 
Matricaria suaveolens seeds, 790 
Maturation environment, influence on per- 
meability of barley seed-coat, 836 
Matzke, Edwin B. Flower variations and 
symmetry patterns in Stellaria media, 
and their underlying significance, 477 
Maxon, William R., and C. A. 
Weatherby. Two new tropical 
American species of Adiantum, 165 
McNair, James B.— 

Some properties of plant substances in 
relation to climate of habitat- 
volatile oils, saponins, cyanogenetic 
glucosides, and carbohydrates, 168 
The interrelation between substances in 
plants: essential oils and resins, 
cyanogen and oxalate, 255 
Mechanical agents and permeability of 
protoplasm, 568 
Medicago, seeds — 
lupulina, jSj 
sativa, ySj 

Meibomia canadensis seeds, yS'j 
Melilotus alba seeds, jBS 
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Mentha canadensis seeds, 789 
Meriania axinaeoides from South America, 
741 

Metabolism and soil aeration, 844 
Miconia, from South America — 
cretaceaj 744 
Herrerae, 745 
obliqua, 743 
pterogona, 746 
pubicalyx, 742 

Microcitrus virgata^ oil in juice sacs, 103 
Microgametophyte of Selaginella Kraus- 
siana^ 106 

Miller, Lawrence P. Effect of various 
chemicals on the respiratory rate and 
sugar content of potato tubers, 840 
Mimulus ringens — 
seed germination and light, 632 
seeds, 789 

Moisture, soil, and castor bean anatomy, 538 
Monarda fistulosa seeds, 789 
Monolepis NuttalUana seeds, 786 
Morning glory, Colletotrichum circinans on, 
21 

Morphology — 

cataphyll and foliage-leaf ontogeny in 
black hickory, 75 

chromosome, in Kniphofia aloides, 41 1 
Entomophthora fumosa, 205 
foliar organs, 710 

of regeneration in Bryophyllum caly- 
cinum, 32 

Moyer, Lawrence S. The elect roki net ic 
potential of latex as an indicator of 
plant relationship, 841 
Muhlenbergia involuta jSliformis from Tex- 
as, 436 

Miinch hypothesis of translocation mechan- 
ism, and osmotic values, 840 
Munz, Philip A. Studies in Onagraceae 
VI I L The subgenera Hartmannia 
and Gauropsis of the genus Oenothera. 
The genus Gayophytum, 755 
Mushroom nutrition, 514 
Mustard, Colletotrichum circinans on , 14 
Myriophyllum spicatum, water movement, 
702 

Myxochytridineae, thallus, 55 
Myxomycetes of northwestern Oregon, 131 
Myxophyceae, nitrogen fixation, 844 

. Narcotics and permeability of protoplasm, 

'■ 568.:.,, 


Nasturtium, Colletotrichum circinans on, 15 
Naylor, Ernst. The morphology of re- 
generation in Bryophyllum calycinum, 

32 

Neomammillaria microcarpa^ anaerobic I'es- 
piration, 823 
Neophyosis, Citrus, 839 
Nepeta Cataria seeds, 789 
Neslia paniculata seeds, 787 
New Jersey, new cycadeoicl, 679 
Nicotiana Tabacum, Colletotrichum circinans 
on, 14 

Nissen, W. (See Selman A. Waksman, 

514) 

Nitrogen fixation by Myxophyceae, 844 
North America, Puccinias on Onagraceae, 
334 

Nowakowskia, thallus, 44 
Nowakowskiella, thallus — 
elegans, 60 
ramosa, 61 

Nucleus, behavior in yeast budding, 840 
Nutrition, mushroom, 514 
Nyctaginaceae, weed seeds, 786 

Oak trees and illuminating gas, 845 
Oats, hybrid, inheritance of smut resistance, 

194. 273 s./' 

Ocotillo anatomy, «f';3 
Oenothera — 

biennis seeds, 788 
canescens, 766 

deltoides vars. ambigua, decumbens, 778 

deserticola, 756 

dissecta, 766 

Havardi, 766 

hirta, 778 

Kunthiana, 756 

micrantha vars. exfoliata, Jonesii, typica, 

778 

multicaulis, 756; vars. targtiensis, typica, 
757 

Purpusii, 756 
rosea, 756 

speciosa, 756; vars. Berlandieri, typica, 
764 

subgenera Gauropsis, Hartmannia, 755 
tetraptera, 756 

Oil in the juice sacs of citrus fruits, loi 
Oils — • 

essential, and resins in plants, 255 
volatile, properties in relation to climate 
of habitat, 168 
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Olpidiaceae, thallus, 45 
Olpidiopsis luxurians, thallus, 56 
Olpidium, thallus — 

Brassicae, 55 
Viciae, 55 
Onagraceae — 

Gayophytum, 755 

OefiotheTCL subgenera Hartmannia and 
Gauropsis, 755 

Puccinias on, in North America, 334 
weed seeds, 788 

Onion, CoUetotrichum circinans on, 15 
Onosmodium occidentale seeds, 7^9 
Ontogeny, cataphyll and foliage-leaf, in 
black hickory, 75 
Oochytriaceae, thallus, 45 
Opmtia, anaerobic respiration — 

Engelmannii, 823 
versicolor y 823 

Orange, oil in juice sacs, loi 
Oregon, myxomycetes of northwestern, 131 
Orthocarpus luteus seeds, 789 
Osmotic values and Miinch hypothesis, 840 
Osmunda regalis, regeneration, 309 
Osmundaceae, regeneration, 308 
Ossaea Buchtieni from South America, 751 
Ottley, Alice M. (See Margaret C. 
Ferguson, 385) 

Oxalate and cyanogen in plants, 255 
Oxalidaceae, weed seeds, 788 
Oxalis, seeds — 
cymosa, 788 
stricta, 788 

Oxidase activity and pH value, 841 
Oxygen uptake by fruits and vegetables, 
influence of carbon dioxid on, 843 
Oxytropis Lambertii seeds, 788 

Pancoast, H. M. (See W. V. Cruess, 841) 
Panicum, seeds — 
capillar e, 785 
virgatum, 785 

Parryanae, new section of Aesculus, 408 
Pastrana, Maria D. Sporogenesis and 
sex determination in Begonia Schmid- 
tiana, 365 

Pawpaw, water absorption, 151 
Pea, CoUetotrichum circinans on, 14 
Peck, Morton E., and Henry C. Gilbert. 
Myxomycetes of northwestern Ore- 
gon, 131 
Pediastrum — 
asperum, 225 


Pediastrum (cont.) — 

Boryanum, 225 
clathratum, 225 

origin of the intercellular spaces in, 218 
Pelargonium hortorum, water absorption, 157 
Pellia plastids, 662 

Penfound, Wm. T. The anatomy of the 
castor bean as conditioned by light 
intensity and soil moisture, 538 
Pemculus— 

a new grass genus from British Honduras, 

581 

angustifolius, 581 
Penthoraceae, weed seeds, 787 
Penthorum sedoides seeds, 787 
Permeability — 

protoplasm, influence of narcotics, me- 
chanical agents, and light, 568 
seed-coat of barley, influence of matura- 
tion environment, 836 
Peronosporaceae, sexual reproduction, 595 
Petalostemon, seeds — 
purpureum, 788 
villosum, 788 
Petunia — 
alba, 395 
axillaris — 

chromosomes, 340 
pollen grains, 644 
redescription, 388 
cytology and genetics, 644 
hybrida, chromosomes, 343 
hybrids, triploid, chromosome behavior, 

340 

infiata, chromosomes, 343 
nyctaginiflora — 
chromosomes, 340 
redescription, 385 
parodii, chromosomes, 343 
parviflora — 

pollen grains, 644 
redescription; 388 

species, redescription and discussion, 385 
violacea — 

chromosomes, 343 
pollen grains, 644 
redescription, 385 
pH value — 

and oxidase activity, 841 
plant juice and sap, 842 
Phaseolus— 

lunatus macrocarpus, CoUetotrichum on, 15 
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Phaseolus (cont.) — 
vulgaris — 

Colletotrichum on, 14 
water absorption, 158 
Phlydidium — 

brevipes, thallus, 46 
sphaerocarpum, thallus, 47 
thallus, 43 
Phlydochytrium — 

quadricorne, thallus, 48 
thallus, 43 

Photosynthesis and ether and chloroform, 
847 

Physarum, in northwestern Oregon — 
Gilkeyanum, 133 
lepidoideum, 133 
nudum, 134 
perfectum, 134 
simplex, 136 
straminipes, 135 
Physoderma, thallus — 

Butomi, 63 
maculare, 63 
Zeae Maydis, 63 
Picea — 

Abies, transpiration, 362 
excelsa, water absorption, 157 
rubra, seed germination, 3 
Pinus ponderosa, lignin, 731 
Pisum sativum, var. arvense, Colletotrichum 
circinans on, 14 
Plagiochasma — 
cuneatum, 627 
new, from Texas, 627 
Plantaginaceae, weed seeds, 789 
Plantago, seeds — 
major, 789 
Purshii, 789 
Riigelii, 789 

Plastid, bryophyte, and Golgi apparatus, 659 
Platanus occidentalis, transpiration, 362 
Poa compressa, seed germination, 835 
Poaceae, weed seeds, 785 
Polanisia graveolens seeds, 787 
Polemoniaceae, weed seeds, 788 
Pollen grains. Petunia, 644 
Pollen-tube growth in Datura, 604 
Polygonaceae, weed seeds, 786 
Polygonum, seeds^ — 
aviculare,yS6 
Convolvulus, 786 
eredum,yS6 
Hydropiper, 786 


Polygonum, seeds (cont.) — 
lapathifolium, 786 
pennsylvanicum, 786 
Persicaria, 786 
ramosissimum, 786 
virginianum, 786 
Polyphagus Euglenae, thallus, 43 
Polyploidy, induced, in ferns, 303 
Polypodiaceae, regeneration, 308 
Polystichiim acrostichoides, regeneration, 308 
Poly trichum commune plastids, 661 
Poncirus trifoliata, oil in juice sacs, 103 
Poppy, California, Colletotrichum circinans 
on, 15 

PoRGES, Nandor. Citric acid production 
by Aspergillus 7iiger, 559 
Portulaca oleracea seeds, 786 
Portulacaceae, weed seeds, 786 
Potamogeton, water movement — 
americanus, 701 
compressus, 702 
lucens, 699 

Potato tubers, effect of various chemicals 
on respiratory rate and sugar content, 
840 

Potentilla, seeds — 
millegrana, 787 
monspeliensis, 787 
paradoxa, 787 
pennsylvanica strigosa, 787 
recta, 787 

Pressure variations, Gossypium boll, 839 
Proliferations in Hibiscus, 600 
Prophyll, Carya Buckleyi var. arhansama, 
710 

Protoplasm — 

permeability, influence of narcotics, me- 
chanical agents, and light, 568 
stability, influence of visible and ultra- 
violet rays, 547 
Prunella vulgaris seeds, 789 
Psalliota campestris, nutrition, 514 
Pseudotsuga taxifolia, lignin, 732 
Pteris cretica var. albo-lmeata, regeneration, 

309 

Puccinia — 

Epilobii-tetragoni, 334 
Gayophyti, 2,3^ 
glabella, 334 
heterantha, 334 
Oenotherae, 334 

on Onagraceae in North America, 334 
Veratri, 334 
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Radish, Colletotrichum circinans on, 21 
Ranunculaceae, weed seeds, 787 
Ranunculus circinatus, water movement, 702 
Ratibida columnaris seeds, 790 
Rea, H. E., and R. E. Karper. Propa- 
gating sorghum by cuttings, 464 
Red gum, lignin, 732 

Reed, George M. Inheritance of resist- 
ance to loose and covered smut — 
in a hybrid of Early Gothland and Victor 
oats, 194 

in hybrids of Hull-less with Early Goth- 
land and Monarch oats, 273 
Rees, Olive L. The morphology and 
development of Entomophthora fum- 
osa, 205 
Regeneration — 

and induced polyploidy in ferns, 303 
Bryophyllum calycinum, morphology, 32 
Rejuvenescence of nucellar bud seedlings in 
Citrus, 839 

Relationship, plant, electrokinetic potential 
of latex as an indicator, 841 
Resins and essential oils in plants, 255 
Resistance to smut, inheritance of, in hybrid 
oats, 194, 273 
Respiration — 
anaerobic, of cacti, 823 
rate, potato tubers, effect of chemicals, 
840 

Rhizidiaceae, thallus, 45 
Rhizidiocystis Ananasi, thallus, 67 
RMzidiomyces apophysatus, thallus, 43 
Rhizidium carpopMlum, thallus, 43 
Rhizophidium globosum, thallus, 46 
RMzophlyctis, thallus, 

Rhodotypos kerrioides— 
after-ripening of seeds, 837 
dwarf plants from unafter-ripened em- 
bryos of seeds, 837 

Richards, Oscar W. The behavior of the 
nucleus of the yeast Saccharomyces 
cerevisiae during cell division (bud- 
ding), 840 

Ricinus communis, Colletotrichum circinans 
on, 15, 

Roots — 

initiation and stimulation of, from expo- 
sure to carbon monoxid, 846 
water absorption by, 148 
Rosa pratincola seeds, 

Rosaceae, weed seeds, 787 
Rothemund, Paul. (See 0 . L. Inman, 839) 


Rubiaceae, weed seeds, 789 
Rudbeckia, seeds — 
hirta, 790 
laciniata, 790 
Rumex, seeds — 

Acetosella, yS 6 
crispus, 786 
mexicanus, 786 
occidentalis, 786 
persicarioides, 786 

Saccharomyces cerevisiae, budding, behavior 
of nucleus, 840 
Salsola Tragus seeds, 786 
Sanicula marylandica seeds, 788 
Sap, pH values, 842 
Saponaria officinalis seeds, 786 
Saponins, properties in relation to climate of 
habitat, 168 

Saprolegniaceae, sexual reproduction, 595 
Sawyer, Wm. H., Jr. Stomatal apparatus 
of the cultivated cranberry, Vaccin- 
ium macrocarpon, 508 
Scirpus, seeds — 
americanus, 785 
atrovirens, 785 
nevadensis, 785 
paludosus, 785 

Sclerotinia sclerotiorum, wilt of greenhouse 
snapdragons, 808 

Scofield, H. T. (See 0 . F. Curtis, 840) 
Scoliopus Bigelovii, chromosomes, 780 
Scolopendrium vulgare, regeneration, 308 
Scott, Flora Murray. Some features of 
the anatomy of Fouquieria splendens, 
673 

Scrophularia leporella seeds, 789 
Scrophulariaceae, weed seeds, 789 
Scutellaria lateriflora seeds, 789 
Seed- — 

alcohol separation of empty, and its effect 
on the germination of red spruce, i 
basswood, dormancy, 835 
coat, barley, permeability, 836 
Mimulus ringens, germination and light, 
632 

Foa compressa, germination, 835 
Rhodotypos kerrioides — ■ 
after-ripening, 837 

dwarf plants from unafter-ripened 
embryos, 837 

Symphoricarpos racemosus, dormancy, 836 
weed, number and weight, 784 
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Seedlings — 

nuceilar bud, rejuvenescence in Citrus, 

^ S39 

toxicity of blood for, 838 
Selagtnella Kraussiana, microgametophyte, 
106 

Sex determination. Begonia Schmidtiana, 

365 

Sexual organs, development in Leptolegnia 
caudata, 584 
Shepherdia — 

argentea, peltate hairs, 423 
canadensis — 
chromosomes, 429 
peltate hairs, development, 423 
Sideranthus spinulosus seeds, 790 
Silene, seeds — 
antirrhma, 786 
faharia, 786 
notiflora, 786 
Sisymbrium, seeds — 
altissimum, 787 
angustifolium, 785 
Sium cicutaefolium seeds, 788 
Slagg, Rodney A. The gametophytes of 
Selaginella Kraussiana I. The mi- 
crogametophyte, 106 
Smilax hispida, transpiration, 362 
Smut resistance, inheritance of, in hybrid 
oats, 194, 273 

Snapdragons, sclerotinia wilt, 808 
Soil — 

aeration in relation to plant metabolism, 
844 

illuminating gas in, and plants, 846 
moisture and castor bean anatomy, 538 
leaction, and distribution of Cytisus 
scoparius in Virginia, 842 
Soja max, Colletotrichum cirdnans on, 14 
Solanaceae, weed seeds, 789 
Solanum, seeds — 
rostratum, 789 
triflorum, 789 , 

Solidago rigida seeds, 790 
Sonchus arvensis seeds, 790 
Sophia— 

hartwegiana seeds, 787 
intermedia, 787 
parvi flora, 787 

Sorghum, propagating by cuttings, 464 
Sorgos, cuttings, 465 

South America, some undescribed flowering 
plants from, 740 


Soy bean, Colletotrichum cirdnans on, 14 
Spaeth, J. Nelson. Dormancy in seeds 
of basswood, Tilia americana L., 

835 

Species of Petunia, 385 
Specificity to penetration of epidermis by 
pathogenic fungus hyphae, 12 
Spiraea salicifolia seeds, 787 
Sporoholus, seeds — 
asper, 785 
cryptandrus, 785 
neglectus, 785 

Sporogenesis, Begonia Schmidtiana, 365 
Sporophlyctis — 
rostrata, t hall us, 50 
thallus, 43 

Spruce germination affected by alcohol 
separation of empty seed, i 
Squash, Colletotrichum cirdnans on, 14 
Stachys palustris seeds, 789 
Steere, William Campbell. Chromo- 
some behavior in triploid Petunia 
hybrids, 340 

Stellaria media neglecta var. typica, dcmex 
variations and symmetry patterns, 
480 

Stemonitis hyperopia var. microspora in 
northwestern Oregon, 139 
Stevens, Neil E. Thickness of cuticle in 
cranberry fruits, 432 

Stevens, O. A. The number and weight of 
seed%?produced by weeds, 784 
Stilpnopappus Pittieri from South America, 
752 

Stipa viridula seeds, 785 
Stomatal apparatus of the cultivated cran- 
berry, Vaccinium macrocarpon, 508 
Structure, Zonaria Farlowii, 239 
Sugar content, potato tubers, effect of chem- 
icals, 840 

Sunflower plants — 

Colletotrichum cirdnans on, 2X 
water absorption, 158 
SwALLEN, Jason R.— 

Five new grasses from Texas, 436 
P eniculus, a new grass genus from British 
Honduras, 581 

Sweet pea, Colletotrichum cirdnans on, 23 
Swingle, Walter T. Neophyosis or re- 
juvenescence of nuceilar buck seed- 
lings in 839 

Symmetry patterns, Stellaria media, 477 
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Symphoncarpos — 
occidentalis seeds, 789 
racemosus, dormancy in seeds, 836 
Synchytriaceae, thallus, 45 
Synchytrium endohioticum, thallus, 57 
SyniherismcL sanguimlis seeds, 785 

Tangelo, oil in juice sacs, 103 
Tangerine, oil in juice sacs, 102 
Taraxia, Pucpinia Oenotherae on, 334 
Taubenhaus, J. J., and W. N. Ezekiel. 
Sclerotinia wilt of greenhouse snap- 
dragons, 808 

Taylor, Wm. Randolph. Notes on the 
genus Anahaenopsis, 454 
Teucriumt seeds — 
canadense, 789 
occidentakt 789 
Texas — 

five new grasses, 436 
new Plagiochasma, 627 
Thalictrum dioicum seeds, 787 
Thallus, chytrid, organization, 41 
Tharp, H. The influence of the matur- 
ation environment upon the permea- 
bility of the seed-coat of barley, 836 
Thelypodium integrifolium seeds, 787 
Thlaspi arvense seeds, 787 
Thornton, Norwood C. Carbon dioxid 
storage. The influence of carbon 
dioxid on — 

(III) the oxygen uptake by fruits and 
vegetables, 843 

(IV) the acidity of fruits and vegetables, 843 
Thuja occidentalis, transpiration, 362 
Thut, Hiram F. — 

Demonstrating the lifting power of 
transpiration, 358 

The movement of water through some 
submerged plants, 693 
Tibouchina triflora from South America, 740 

Tilia— 

ummcawa seeds, dormancy, 835 
glabra, lignin, 

Tissue, weight of, in relation to the efficiency 
of an incandescent filament lamp, 848 
Tissues, supplying and receiving, osmotic 
values and Munch hypothesis, 840 
Tobacco, Colletotrichum circinans on, 14 
Tococa carolensis from South America, 746 
Tomato plants — 

Colletotrichum circinans on, T 4 
water absorption, 158 


Toxicity— 

of normal and pathological blood for 
living seedlings, 838 
wound dressings and growth cycle, 842 
Tradescantia — 

discolor, permeability of protoplasm, 569 
occidentalis seeds, 785 

Translocation mechanism, Miinch hypothe- 
sis and osmotic values, 840 
Transpiration, lifting power demonstrated, 

35S 

Trees, oak, and illuminating gas, 845 
Trichachne patens from Texas, 442 
Trichia, in northwestern Oregon — 
cascadensis, 145 
lutescens, 146 
Macbridei, 145 

Trichoneura elegans from Texas, 439 

Tridens flavus seeds, 785 

Trifolium repens, Colletotrichum circinans on, 

15 

Trillium chloropetalum, chromosomes, 783 
Tropaeolum majus, Colletotrichum circinans 
on, 15 

Turner, Thomas W. The distribution of 
Cytisus scoparius in Virginia with 
special reference to soil reaction, 842 

Ultraviolet rays and stability of protoplasm, 

547 

Urophlyctis, thallus — 

Alfalfae, 65 
Potteri, 66 

Urtica gracilis seeds, 

Urticaceae, weed seeds, 785 
Urticastrum divaricatum seeds, 785 
Ustilago, inheritance of resistance to — 
Avenae, 194, 273 
levis, 194, 273 

Vaccaria vulgaris seeds, 786 
Vaccinium — 

corymbosum, stomata, 510 
macrocarpon — 

cuticle thickness, 432 
stomatal apparatus, 508 
Oxycoccos, stomata, 510 
Valota saccharata, 436 
Vegetables, carbon dioxid and — 
acidity, 843 
oxygen uptake, 843 
Verhascum Thapsus seeds, 789 
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Verbena — 

ciliata^ anaerobic respiration, 823 
seeds — 

hracteosa^ 789 
hastata, 789 
stricta, 789 
urticifoUa, 789 

Verbenaceae, weed seeds, 789 
Verbesina aUernifolia seeds, 790 
Vernonia, from South America — 

Rusbyi, 753 
tovarensis, 753 
Veronica peregrina seeds, 789 
Vida angusti folia seeds, 788 
Virginia, distribution of Cytisus scoparius 
and soil reaction, 842 

Waksman, Selman a., and W. Nissen. 
On the nutrition of the cultivated 
mushroom, Agaricus campestris^ and 
the chemical changes brought about 
by this organism in the manure 
. compost, 514 

Wall, cell, chemistry: lignin, 729 
Wallace, Raymond H. The effect of ether 
and chloroform upon the rate of 
photosynthesis in detached leaves of 
Acer Negundo, 847 
Washingtonia longistylis seeds, 788 
Water — 

absorption by roots, 148 
movement through submerged plants, 693 
Weatherby, C. a. (See William R. 
Maxon, 165) 

Webber, J. M. Chromosome morphology 
and meiotic behavior in typical and 
variant forms of Kniphofia aloides, 
411 

Weed seeds, number and w^eight, 784 


Weier, T. Elliot. The structure of the 
bryophyte plastid with reference to 
the Golgi apparatus, 659 
Wiggins, Ira L. The Lower California 
Buckeye, Aesculus Parryi A. Gray, 
406 

Wilt, sclerotinia, of snapdragons, 80S 
Wood, location of lignin in cell walls, 729 
Woodsia obtusa, regeneration, 310 
Woodwardia virginica, regeneration and 
polyploidy, 322 
Woroninaceae, thallus, 45 
Wound dressings, toxicity of, ^nd growth 
cycle, 842 

Xanthiiim italicum seeds, 790 

Yarbrough, John A. Anatomical and 
developmental studies of the foliar 
embryos of Bryophyllum calycimm, 
443 

Yeast — 

budding, behavior of nucleus,. 840 
light and stability of protoplasm, 547 

Zea Mays, daily growth, 838 
Zimmerman, P. W. — 

(See A. E. Hitchcock, 846) 

William Crocker, and A. E. Hitchcock — 
Initiation and stimulation of roots from 
exposure to carbon monoxid gas, 846 
The effect of carbon monoxid on plants, 
847 

Zizia cordata seeds, 788 
Zonaria Farlowii, structure and develops 
ment, 239 

Zobphagus insidians, thallus, 44 
Zygadenus chloranthus seeds, 785 



